Mathematical Analysis the Cutting 
Action Mower Robert Kepner 


Farm Mechanization Harry Walker 


Topography and Design Aftecting Farm 


Approach Determining the Time and 
Amount Irrigation Krimgold 


The Castor Bean Hulling 
Plants Schoenleber and Hurst 
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COLOR AND 


Here is—hot out the camera—the newest long line 
Case educational movies, all mm., full color and 


Young, pretty Betty learns modern fruit culture she “HIGH-CLEARANCE POWER” another new film 


portraying the special applications high-clearance 
visits orchards and groves the four corners the nation 


tractors tall, bushy, and bedded crops. special 
akes side trip into Canada. This colorful, audience- 
makes side aud interest farm families truck-crop areas, this film 


holding film covers both vine and tree fruits, and spiced culturally broadening viewers everywhere. 


with varied scenic shots. Instructive and entertaining young 
“YOU THE JUDGE” describes points con- 


and old alike, interesting farm and city folk, valuable 
sidered in selecting a farm tractor. Runs 20 minutes. 


farmers everywhere whatever their specialties. This and are built around the 


Teachers, county agents, farm and civic club leaders—all Case Series Tractors but apply farm tractors 


those engaged disseminating technical and cultural infor- educational motion pictures are 


readily fitted wide range classroom and educa- 
mation will find this film adaptable classroom hour 
tional program uses. 


full program. Non-commercial. Runs minutes. 


~ 
some sixty aids—movies (all mm., color and sound), 
slide films, booklets, posters, and other teaching aids. These 


cover subjects from terracing and water spreading mower 
adjustment and safety. Films are loaned and printed matter 
furnished without charge teachers, county agents, farm 
and clubs, other responsible persons and groups. sure 
ask your nearest Case dealer branch house for copy 
the catalog, “Visual Aids Modern Farming,” which 
describes each item and tells how order. Case 
Racine, 
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Looking For Machines 


Help 


Job eeee 


Here’s interesting and commendable record: 
Every machine—agricultural industrial, 

new modernized—equipped with CLARK 
designed transmission-axle driving unit 
performing with efficiency and dependability. 
This shouldn’t surprise anyone—for 
CLARK brings the assignment 
seasoned and resourceful 


that goes back years. 


The Clark Drive-Unit the 
lookout for heavy duty machines 


engineering experience 


that might well benefit from 
closer acquaintance. 


q PRODUCTS OF CLARK — TRANSMISSIONS + AXLES + AXLE HOUSINGS «+ TRACTOR DRIVE 
UNITS FORK TRUCKS AND TRACTORS POWERED HAND TRUCKS GEARS AND 
FORGINGS « ELECTRIC STEEL CASTINGS 


This pocket 

size book briefly describes CLARK EQUIPMENT COMPANY BUCHANAN, MICHIGAN 

and illustrates Clark Products. 

You are invited send for Other Plants: BATTLE CREEK and JACKSON, MICHIGAN 
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they represent the views of the ind!- 
viduals to whom they are credited and 


NEWS SECTION 726 are not binding on the society as a whole 
TITLe The title AGRICULTURAL ENGI- 
AGRICULTURAL ENGINEERING regularly indexed Engineering Index, the United 
and Agricultural Index States Patent Office 
sciciabsinaiitsinterandinaisade Copyright: Copyright, 1952, by the Amer- 
Volumes of AGRICULTURAL ENGINEERING, in microfilm form, are available ican Society of Agficultural Engineers. 
(beginning with Vol 32, 1951). and inquiries concerning purchase should Reprints may be made from this publl- 4 
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TO OUR READERS Advertisers in this issue present their products and 
services for your scrutiny. with confidence in their engineering merit and 
capacity to meet the requirements for which intended, and with confidence in 
your appreciation of these contributions to engineering progress in agriculture 
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Torrington Needle Bearings are light weight, compact. 
They effect weight and space savings housings and other 


related parts—without sacrificing strength efficiency. 


The reason simple: Needle Bearings have greater 
rated radial load capacity relation size than any other 
type anti-friction bearings. 


your design needs bearing light weight 
handle heavy loads, investigate the advantages Torring- 
ton Needle Bearings. Our engineers will welcome the op- 
portunity assist you. 


THE TORRINGTON COMPANY 


Torrington, Conn. South Bend 21, Ind 


District Offices and Distributors Principal 
Cities United States and Canada 


Spherical Roller Tapered Roller Straight Roller Ball Rollers 
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How engineers developed today’s 
most useful implement system 


Some stiff requirements faced engineers assigned 
the project developing hydraulic Farmall Touch- 
Control. They were asked perfect system that 
would: 


Operate continuously with engine clutch out. 


Control either both mounted trailing implements. 


Control combinations front and rear-mounted im- 
plements individually simultaneously. 


Control lowering well lifting action, exerting 


Precise depth control results from Farmal! Touch-Control 
design. Control lever (A) actuates rear rockshaft (B) 
raise and lower plow. Control lever (C) raises lowers 
(D) change depth. 


down pressure desired. 


Maintain precise depth regardless varying 
soil conditions. 


Control cultivator gangs unison individually, 
provide delayed lift for front and rear sections. 


How well they succeeded attested thousands 
Farmall Cub, Super and Super owners who 
universally agree: “Farmall the most 
useful implement control system yet designed!” 


Two double-acting hy- 
draulic cylinders actuate 
two rockshatts, regularly 
equipped withthree power 
arms, on Farmalls Super 
and Super The Super 
may equipped with 
four power arms. Farmall 
Cub has one double-act 
ing cylinder and two 


pow er arms. 


rear-mounted implements. Above: two-furrow, rear- 
mounted plow cross grassed waterway. Fast lifting 
action prov ides for unitorm furrow ends. 


such problems, research, engineering and manufacturing men spend their 
time and talent achieve common goal—that providing farmers every- 


Motor Trucks... Crawler Tractors and Power Units 
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where with equipment that maintains the century-old tradition making 
farm work easter and the time more productive. 


INTERNATIONAL HARVESTER 


International Hervester products pay for themselves in use— McCormick Farm Equipment and Farmall Tractors... 


Refrigerators and Freezers — General Office, Chicago I, Illinois 
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You see here just the standard attach- 
ments the complete line Steel De- 
tachable Chains for agricultural machinery. 
These are the ones most commonly used and 
will for many your applications. 
But there are more available than your 
The complete Rex Line includes many 
standard attachments not illustrated here. 


Not always, know, will standard chain 
attachment the job right. Although 
advisable select standard attachment 
wherever possible the interests cost, 
availability and replacement, you have 
special problem where standard attachment 


MORE 
EETS YOU 


EYE 


will not the job, will glad give 
you all the help you need. 

The same high quality that has been built 
into Rex Cast and Steel Chains for years 
makes possible for you specify Rex Steel 
Detachable Chains with every confidence 
highest quality, proper design and lowest cost. 

Our Field Sales Engineers will glad 
work with you any your chain problems. 
Their many years chain engineering expe- 
rience are yours for the asking. For all the 
tacts, call our nearest office write for our 
latest steel detachable folder. Chain Belt Co., 
4680 Greenfield Ave., Milwaukee Wis. 


Serving the Agricultural Industry for Over Years 


Minneapolis New York Philadelphia Pittsburgh Portland, Oregon Spring- 
field, Mass. St. Salt Lake City San Francisco Seattle Tulsa Worcester 


Distributors principal cities the United States and abroad. 


Atlanta Baltimore Birmingham Boston Buffalo Chicago Cincinnati 
Cleveland + Dallas « Denver « Detroit « El Paso » Houston « Indianapolis « Jackson- 


company 


MILWAUKEE 
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The rain that benefits 
also DESTROY! 


most blessings, rain isn’t always 
beneficial might be. Often destroys 
what helps washes away our crops 


the soil around root systems starts sheet and 


gully erosion silts our streams, blocks rivers. 


Yet with proper land management, the right 
tooly and the knowledge experts, farmers can 
prevent the destroying hand rain. means 
keeping the the through contour- 
ing and strip cropping, planting marginal land 
ways, building ponds. 


takes like drill planters follow the 
contours, one way plows throw the soil the 
hilly and build terraces help hold the soil 
place. also holding soil with the high 
stubble left Self-Propelled combines break- 


ing hard pan with sub-soilers and chisels 


heavy rains soak quickly. 


Here Massey-Harris continuing pro- 
gram improvement and design never-end- 
ing policy develop the machines and power the 
farmer needs make more profitable use his 


land, more profitable use his time. 


Soil conservation job for everyone. For 
the farmer land stake, for who 
build the power and machines needs get the 


job done, for those who guide and instruct the 
nation’s 6,000,000 farmers. 


North America’s fastest growing full-line Implement Company 
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No ONE chain serves eve 


for 


Again chooses 
LINK-BELT chains for new combines 


As on so many of its machines, Massey-Harris relies on Link-Belt 
chains for its new 90, 80 and 70 Self-Propelled Combines. 


Over 300 farm machinery manufacturers build 
with chains from the complete LINK-BELT line 


Whether high-hp, heavy-impact cylinder drive 
relatively slow-speed conveying service—you can get 
the one chain that best meets your needs from 
complete chain line. For example, each its three 
new self-propelled combines, Massey-Harris uses six dif- 
ferent Link-Belt chains. Each designed for 
function each assures efficient, long-life under specific 
service conditions. 

contemplating new model, our agricultural 
chain engineers will glad sit down with you and 
your designers—help you work out the right chain for 
your requirements. And, remember—a chain bearing the 
Link-Belt double-arrow trademark your guaran- 
tee longer chain life. 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Philadelphia, 
Colmar, Pa., Adanta, Houston, Minneapolis, San Francisco, Los Angeles, 
Seattle, Toronto, Springs (South Africa), Sydney ( Australia). 
Sales Othces in Principal Cities 
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Two Link-Belt Roller Chain Drives provide positive, 
efficient power transmission for cylinder and for floating 
vertical Another Roller Chain con- 
nects balance springs to table lifting cam, and Steel 
Link-Belt with attachments carries grain to grain tank 


Two more Link-Belt Precision Steel Roller Chain Drives 
power the auger. Link-Belt also serves Massey-Harris 


on its auger requirements for the new combines 
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Beautiful Colors that last 


The smooth-surfaced asbestos siding with deeply 
embedded ceramic granule texture and color 


J-M Smoothgrain 
Asbestos Siding fire- 
proof, rotproof, weather- 


proof and never needs paint 


preserve it. 


VIEWED FROM ANY ANGLE, J-M Smoothgrain Asbes- 
tos Siding has strikingly texture, yet the 
surface actually smooth. 

This smooth surface resists soiling because has 
grooves catch dirt. The rich “grained” texture and 
lasting colors are achieved colored ceramic granules 
deeply embedded the asbestos-cement. And 
the vertical joints. 

Smoothgrain Asbestos Siding has the 
section throughout. This makes stronger, easier cut 
sharp edges without chipping. 


Send the free full-color brochure that shows the 
outstanding variety beautiful colors which 
Smoothgrain Asbestos Siding made. Write Johns- 
Manville, Box 60, New York 16, 


Johns-Manville 


Smooth 
yet 
beautifully 


LINE YOUR LEVEL against the surface 
the new J-M SMOOTHGRAIN Siding 
you'll find smooth and true. Look its 


beauty from any you'll see rich 
texture striking character! 
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machinery 


value 


1940 


Traditionally, land was almost the sole measure 
farm worth and earning ability. Now, power 
machinery has growing place the picture. 

Today, the valuation tractors farms 
more than 630 percent from 1940. years, 
has risen from 501 million dollars billion 
670 million. the same period, the value all 
farm real estate has less than doubled. 

This year, the investment farm machinery 
and motor vehicles stands percent the 
value all farm land and buildings. Add live- 
stock, money the bank, bonds, etc. machinery, 
and the total percent leaving real estate 


ah 


RATE OF INCREASE IN VALUE 
SINCE 1940 


only percent today’s total farm assets. 

now, never before, successful farm 
operation depends the right tractors and ma- 
chinery, properly used. From here on, power 
equipment will measured major item 
the production capacity every farm. 

Today, agricultural engineers are designing 
major business assets, not just tools the job. 
their hands lie much the production capac- 
ity and general welfare American agriculture. 

Here new measure machinery value 
and all agricultural engineering. 


Roto-Baler is an Allis-Chalmers trodemoark 


Behind the terrific growth of farm machinery use is outstanding engineering like that found in the Allis-Chalmers WD Tractor and Roto-Baler. 
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the chilled-iron face gives 


onger life 


meet the exacting requirements today’s 
farm tractor engines, Eaton has developed 
special foundry facilities produce chilled- 
face tappets with essential hardness and wear- 
resistant characteristics. Eaton offers volume- 
produced, volume-priced tappets capable 
carrying excessively high loads. 

the ladle final inspection, the wear- 
resistant hardness the face and the over-all 
quality Eaton tappets are guarded precise 
metallurgical control. 


MANUFACTURING COMPANY 
General CLEVELAND, 
9771 FRENCH ROAD 13, MICHIGAN 


tb! 

PRODUCTS: Sodium Cooled, Poppet, and Free Valves Tappets Hydraulic Valve Lifters Valve Seat Inserts Jet 
Engine Parts Rotor Pumps Motor Truck Axles Permanent Mold Gray Castings Heater-Defroster Units Snap Rings 
Springtites Spring Washers *Cold Drawn Steel Stampings Leaf and Coil Dynamatic Drives, Brakes, Dynamometers 
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FARMERS 
PLAN FOR PROFITS 
PORTABLE SPRINKLER 


Here, this new and bigger booklet, 
find helpful data portable sprinkler 
irrigation. see facts and figures 
increased crop quality and quantity from 
every place the United States. see 
photographs typical portable sprinkler 
irrigation systems. You'll find hints plan- 
ning for similar systems that will help ex- 
tend growing seasons and pasture feeding, 
improve crop quality, increase yields and 
protect against dry-spells. 

you, the dealer your 
area who sells Reynolds Aluminum Irriga- 


tion Pipe familiar with local conditions. 
And like you, wants promote better 
farming methods. Consult him 
irrigation requirements. 
ar 
Reynolds Metals Company, 2588 S. Third St., Louisville 1, Ky . 
Member 
Please send the new edition of ‘More Income Per Acre, your new 
Association of SPRINKLER IRRIGATION EQUIPMENT MANUFACTURERS ° 


booklet on the application and advantages of portable sprinkler 


LIGHTWEIGHT irrigation. 
ALUMINUM PIPE FOR 


Name 


PORTABLE SPRINKLER 
R.F.D. or Street 


IRRIGATION SYSTEMS 


. 
Town State 
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This New Reynolds 
How Get More Inco 
ay 


Back 1879 when Thomas Edison watched charred 

cotton thread glow for hours glass bulb knew had 
invented the first practical incandescent light. also knew 
the end product called for contributing factors: the search 

for filament that would burn for days; the improvement 
the dynamo furnish the development 

current distribution system capacity 

achieve these things lifted from life 

incalculable burden drudgery and bound together 


with closer ties the people the world. 


Today, more than ever, the need for better, faster, and 


cheaper methods production paramount the thinking 


men who make things from metal. For nearly half 
century many these men have come rely Van 
ability conceive and capacity achieve miracles 


metal Van Huffel cold formed shapes and tubing. 


: 
INGS 
WELDED LOCK SEAM OPEN SEAM BUTTED TUBING METAL SHAPES MOULDING 


NEW POULTRY HOUSE DESIGN 


WINTER folding overhang up, sun floods through the windows. 


lets 
sun heat... 


this new poultry house, big windows facing 
south make free use the warmth and germicidal 
benefits the winter sun. Note how summer 
the hinged overhang can dropped keep the 
windows shadow. 

There’s another feature this poultry house 
which plays big part creating more healthful 
environment for poultry those big windows are 
Thermopane* insulating glass. Thermopane cuts 
half heat loss through single glass. keeps more 
winter heat maintain more uniform 
temperatures and reduces the sudden drops 
very cold nights. The extra warmth aids the ven- 
tilating system carrying off moisture. The 
building stays drier. 

Thermopane insulating glass reduces condensa- 
that less time and money must spent 
repairing the sash and the building for damage 


Two Pones of Glass | 
Bionket of dry ov | 
insulotes window | 


Bondermetic (metol 
to-gicss) Seol* keeps 
or dry ond clean 
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SUMMER folding overhang down, windows are shaded 
from the hot summer sun. 


from rot rust. summer, Thermopane helps 
keep the interior cooler, for insulates against 
outdoor heat. 

You can now get Farm Thermopane insulating 
glass for lower-cost double glazing service 


buildings. made sheet glass, not plate glass. 
Hence, costs less. has blanket dry air 
between its two panes. comes three sizes 

36” 44”, 36” and 40” Smaller units 
for ventilating sash have air space. Thermo- 
pane sold glass and building supply distribu- 
tors and dealers. Mail the coupon for in- 
formation. 


FREE FOLDER Glass Co. 


18112 Nicholas Toledo Ohio 


Daylighting 


Name 


“IMPROVED FARM 
BUILDING DAYLIGHTING” 


Town State 


Please send me a free copy of “Improved Farm Building 


2 
Lo, 
[iste cuss] INSULATING GLASS 


Important Diamond 


Advantage 
Pitch Hole Preparation 
links 


rigidity 
pitch 


spe cia 
for 


area of 


insured b 
preparator 
bearing 
Longer 


hole 
effective 
pin and 
life, smoother 


eration. 


For over years Diamond Chains have 
demonstrated their many advantages 
services every kind and description. 
Proven pertormance responsible for 
the high level position 


been accorded. 


Diamond Roller Chains are such 
wide use because their long record 
strict uniformity quality, smooth 


and quiet operation, great reserve 


strength, and long-life dependability. 
many experienced production men, 
engineers and machinery designers, 
Diamond means Roller Chains 


highest quality. 


DIAMOND CHAIN COMPANY, Inc. 
Dept. 61¢,402 Kentucky Ave., 
Indianapolis 7, Ind. 

Offices and Distributors 
All Principal Cities 


Refer to the classified section of your local 
telephone directory under the heading 
CHAINS or CHAINS-ROLLER 


CHAINS 
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through 


delivered throughout his implements 


BLOOD BROTHERS Universal Joints 


Half the size and twice the power tractor! 
And the vast improvements are but part the story. 


For the Agricultural striving always for progress through 


power, has spectacular results developing implements 


Blood Brothers proud its contribution this progress: The 


manufacture dependable universal joints that get the 


power through where needed. 


For farm implements, more Blood Brothers Universal Joints 


used than all other makes combined 


GOING GREAT GUNS! 
For tractor steering columns, and other 


uses, Blood Brothers’ new Joint 
great guns”. The extra-strength 
forged yoke and center cross, plus in- 
side-retained snap rings, have made 
this low-cost quality joint increasingly 

popular with tractor builders. 


BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


AGRICULTURAL UNIVERSAL JOINTS 


Division Standard Steel Spring Company Chicago Office: 122 Michigan Avenue 
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Ring wear 


over-the-road tests with 


FULL-FLO 


test after test, America’s leading automotive and 
engine manufacturers are proving that Purolator oil filters 
are the best! 


ENGINE WEAR TESTS 


SUMMARY OF ACTUAL THE TRIALS 


The figures you see above are from engineering records 
compiled one the largest makers passenger 
ears and trucks. They are the results gruelling actual 
service tests made compare the performance various 
makes and types lube oil filters. And, like many other 
important ones, this manufacturer found that 
and only Purolator, oil filters gave them the engine-saving 
performance they were seeking. They found that Purolator 
Flow filtration was better far than any partial 

that the Purolator Filter element 
than any other 


CENT OF EXPECTED WEAR 


ote 


PUROLATOR PRODUCTS, INC. 


There are sound reasons for the ombustion engines, vou are invited to 
Rahway. New Jersey and Toronto, Ontario, Canada 


Purolator Micronic Filter Element’s test and com} 


Purolator perform 


Factory Branch Offices : 


outstanding superiority! [tows the ince for vourself. Our Engineering De Chicago, Detroit, Los Angeles 
element capable of delivering full-flow partment will gladly co-operate in help 
rates during us entire service lite i Ing Vou prove to Vvour own satistaction 


has fen tomes the effec 


vou er engine protec 
tive filtering area of old-style filters Pur Simply write, te 
If vou are a maker or user of internal eqguipment vou are using 


ENGINFERIN 
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9O° Check Valve Union 


Restricting Adopter Unions 


Time money And whenever you save time, you reduce costs 
why pays use Anchor Adapter Unions and Related Fittings. You see, 


they're designed especially to speed the attachment of Anchor hydraulic hose assemblies 
Anchor Ductile Sleeve Couplings to equipment of all kinds. | 
two wire braid addition cutting assembly costs, Anchor Adapter Unions and Fittings have these 
important advantages: 


They provide ground-joint connection. 
They are small size, require little space, and provide neat appearance. 
@ You can connect and disconnect them many times without destroying the seal. 
Made from solid steel bar stock and plated prevent rust, they stand under the 
toughest service conditions 
Anchor Sleeveless Couplings * 


Their use lets you eliminate one more pipe-thread joints—gives you better 
assembled on either single wire i b 
braid hose or two rayon braid piping job. 


hose for medium low pres- Assembly confined spaces quicker and easier 


The Anchor line Adapter Unions and Related Fittings 
the most complete line available. Save yourself time and 
Send for complete money —select those that fill your specific needs. 
information 
Anchor Adapter 
Anchor Clamp-type Couplings Unions and 
are ideal for field service use Fittings ANCHOR COUPLING CO. INC. 
and emergency repairs. Easy to 


Dept. AE-1'2, Libertyville, Hlinois 
ut on and take off— withstand 
igh pressures. I like the dependability. the safety. and the time-and-money saving fea- 
tures of Anchor Adapter Unions and Fittings. Please send me a catalog. 


Use Anchor Assembled Hose Units with the outstanding fit- Name .............. Position 
tings shown above. You'll have less trouble in the shop on | 
assembly — and less trouble in the field on the job. | Company 


CO. INC. 
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For dependable. 


farm machinery built with 
a careful eve to low-cost operation for the buyer 
long-lived 


Minneapolis-Moline specities Morse. 


| 


power transmission, 


How Morse Power Transmission Products 


point the way better farm machinery 


Whatever your mechanical power 
there is a Morse 
product to he Ip you build a competl 


transmission needs 


tive farm 


inte your 


Roller (Chains Power 
Transmission series | save we ight. cost 
They give positive drive 


Morse Roller Chains power 


positively with ne slippage and but 
They 


equ lly well on lone or short centers. 


operate 
with sprockets either side 


chain, 


mass-produced 
Correctly accurately cut 


reduce noise and drive wear. 


Morse equipment gives 


performance 
your customers long 
lived. power transmission 
despite the most unfavorable work- 
ing conditions. Let send you specific 
information the Morse Power 
which 


you're interested. 


M _— PT; Morse means Power Transmission 


MORSE CHAIN COMPANY 


Dept. 351 


7601 Central Ave. 


Detroit 10, Michigan 


These and other manutacturers of hundreds 
of thousands of fine farm machines use 
Morse Power Transmission Products 


Allis Chaimers Manutacturing Company 
Jt Case Company 
Cockshutt Farm Equipment. Limited 


Deere & Company 

international Harvester Company 
The Massey Harris Company 
Massey Harris Ltd 

Minneapolis Moline Company 
New Holland Machine Company 
The Oliwer Corporation 


MECHANICAL 
POWER 
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Why Not Give YOUR Truck 
MECHANCIS Advantages? TRUCKS 


MECHANICS Roller Bearing closer axle and transmission 
UNIVERSAL JOINTS re- and out- 
duce joint weight and size shape and length. 
eliminating flanges have 


less bolts fasten assembly MECHANICS 
require 80% less down- UNIVERSAL JOINT 
DIVISION 
Borg-Warner 
2046 Harrison Ave. 
life bring joint bearings Rockford, 


time for servicing drive thru 


KEYS for safety and longer 


UNIV ER: 


For 4 tors Trucks ‘Tractors Farm implements Road Machiner 


FOR ARMY TRUCKS 
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Tillage tools can take punishment, even 
rocky, rooty soils, when made shapes cut from 
Bethlehem Sott Center Steel. 


This SPec ial steel has a soft, resilient core which cushions 


Bethlehem Soft Center 
Stee! is actually three 
layers of steel. Resilient 
core absorbs shocks the hard, outside lavers from jarring bumps. actual use, 


hard, outside 
these top and bottom lavers— made tough, 


develop glass smooth polish, enabling the tool 


break the ground rapidly without excessive caking. 


Bethlehem economical, for two 


reasons. First, it will stand up unde r long, rough service. 


Second, its excellent machining properties mean that 


cold fabrication required can done easily shop. 


more, Bethlehem Formed Shapes made 

trom this steel reach you accurately sheared to pattern, My B. 

Since there’s no waste, vou par freight charges for only j 

the steel 
Complete information? The nearest Bethlehem sales 

will glad supply it! write Bethlehem, Pa. 

BETHLEHEM STEEL COMPANY, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


AGRICULTURAL for November 1952 


AGRICULTURAL ENGINEERING for Notember 195. 


EDITORIAL 


Public Relations 

OST engineers apparently appreciate the positive values 
good public relations. Many, however, are less certain 
specific measures which their own public relations and 
those the whole engineering protession might improved 

Some engineers have learned unfortunate personal 
perience observation that publicity does 
contribute to improved public relations 

Certain elements of the non-technical press have been 
known to take the accurate, carefully qualified statement of an 
engineer and misinterpret it into a sweeping, sensational 
inaccurate, and misleading generalization. That has helped 
produce publicity-shy engineers 

Such incidents may be due in part to failure of the non 
technical writer and editor the nature engi 
neering. They may also due part the limita 
tions interpreting, for the non-technical writer and editor 
the true hi 
rate they typify the problem improving relations between 
technical and non-technical elements population. They 
Suggest a continuing search for a common meeting ground in 
language, interest, and understanding 


n interest significance of his statement. At any 


Engineers need not be overly concerned if they may have to 
meet their non-engineering public more than halfway find 
ing common basis understanding. should easier for 
most engineers to think and talk as human beings, even where 
their particular specialty is concerned, than for most humans 
learn think and talk engineers 

Any interest the non-engineering public engineering 
activities and progress highly subjective and personal, related 
the motivations, drives, beliefs, prejudices, emotions, con 
successes and the individuals 
who collectively are the public. They want know what 
engineering progress is of immediate practical Significance to 
them. Concerning any particular development, can they drive 
it, eat it, or sell it? Will it directly benefit them in terms of 
earnings, living and working conditions, recreation? What 
does mean the everyday language life and living which 
they understand? 

That the standard which non-technical news men and 
the non-technical public measure their interest engineering 
calls for thinking, speaking and writing terms those 
human aims and ends engineering which are the directing 
force behind the development and application engineering 
means. demands the engineer that know and able 
explain terms human values why his work worth 
while, what producing. Ability explain engineering 
these human terms does not come easy. has devel 
portant part the difference between true engineer and 
technician 

While large sections the public cannot trained 
engineers, considerable being done and still more might 
done indoctrinate them the nature engineering 

They can shown that the automobiles which they ride 
are about one per cent the result of new ideas, and about 9 
per cent the result more than half century patient, 
careful, progressive development and the 
cation new and old information and ideas 

They can helped understand that television 
product, not magic, but the orderly, step-by-step recogni 
tion and application physical facts concerning the properties 
and behavior energy and wide variety materials 

They can reminded that improvements farm 
chines, structures, electrification, and measures for soil and 
water control not just happen. Engineers contribute vital 
elements their development 

They can made realize that engineering involves lot 
unspectacular work with abstract facts and figures; that its 
individual steps forward are commonly short and halting; that 
its new products commonly have eliminated 


further refinement; that its new information is ordinarily in 
the form bits applicable only limited and types 
situations; that its developments are generally evolutionary 
nature, rather than revolutionary terms day-to-day head 
lines; that its significance and adds much 


of the difference between their lives and those of their grand 


parents those peons and peasants less 
vanced in engineering 

They can be assured that engineering will never provic 
them with ready-made paradise, but that will keep giving 
them new and improved means by which they themselves can 


work more effectively toward more living 


le 


On that basis of understanding, we believe, public reaction 
to engineering would be generally favorable, and would insure 
to engineers the opportunity to continue their work with max 
m interference 


imum cooperation and minimu 


Helping develop favorable relations with his put lic is an 
iportant part of every engineer s ob, in his own interest as 
well as that of his public The agri 
includes the organization employing him 


iral engineer's public 
his ummediate and 
prospective Customers and clients, some important group ot 


farmers, industries serving agriculture, other branches of engi 


neering, and, as consumers ot 


nicultural products the whole 


human race 


Definitions and Objectives 
SNGINEERING was defined in a variation of the usual 
E wording in an address, entitled “Challenges Ahead,” by 
Karl Butler, farm counselor, Mfg. before the 
North Atlantic Section of the American Society of Agricultural 
Engineers, its meeting Orono, August. Quoted 
by him from an unnamed source, the definition reads: “Engi 
neering is a profession in which the art of applying imagina 
tion, common sense, native ingenuity, screntific principles, 
technical training, professional and practical 
perience exercised for the use and convenience man the 
conception and design tools, machines, and structures, and 
the direction their economic construction and operation 
In its application to agricultural engineering, this definition 
merits consideration in association with long-range objectives 
outlined the conclusion Mr. address, follows 
“For the long pull, believe are all reaching for the 
same goal the engineer, the farmer, the the 
scientist, the businessman and the housewife who buys the 
products our heart believe everyone wants 
to help build better men, women and children and a better 
place which live 
servicing the great agricultural industry, you are 
not only helping yourselves, but you are helping farmers to 
more ethciently produce more of the things that make people 
and nations strong. More and better meat, milk, eggs and 
other good foods, plus are essential for good health and 
our tual well-beimg 7 me, this 1s what agriculture 


about 


“The challenge ahead then better service the farmer 
and mankind. engineers, scientists, industrialists 
whatever our endeavor, must alert the trends and 
changes going on. must have 
aggressive and courageous. In no other way can we meet the 
challenge, the goal which build stronger and better 
people 

have great confidence you will your part and 
it well! 

A nominal quota of common sense and native ingenuity, 
backed knowledge scientific principles, technical train 
ing, professional knowledge and practical experience, should 
certainly put the agricultural engineer favorable position 
serve agriculture effectively working toward its long 
range objectives. The indicated combination knowledge and 
abilities currently active demand, and the demand seems 
increasing more rapidly than the supply men equipped 
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Ingersoll Heat-Treated discs. 


“flying saucers” when comes 
getting the job done fast and right, 


draw process—exclusive with Ingersoll—to 


assure proper hardness and greater uni- 
ys | ry about eliminates and brit- 


tleness, adds extra toughness and resist- 


ance abrasion. 


ullage implements made today. 


American Farms! first choice farmers when re- 


placements are needed. 


always available from the manu- 
facturer the tillage implements you sell. 


Above Allis Chalmers Model CA tractor pulling disc plow 
Right Athens Series “G" Harrow. Both equipped with 
Ingersoll Heat-Treated Discs 


ndersoll 
HEAT TREATED 
with the CLOVER LEAF center hole* 


Pend 
ARGE 310 South Michigar Avenue, Chicago 
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Analysis the Cutting Action Mower 
Robert Kepner 


ASAE 


ECENT years have seen considerable development work 
and important advances nearly all types forage 
harvesting equipment excep* the mower. New types 

hay rakes have been developed and their actions studied ana- 
lytically and the field; automatic-tying hay balers are being 
continually tmproved and are becoming increasingly popular, 
and forage choppers, now widely used, are undergoing 
further development. The present-day mower, however, 
about the same, both principle operation and construc 
tion the cutter bar, was years ago. From the stand 
point and repair still remains one the 
most troublesome pieces machinery the farm 


This paper was prepared expressly for AGRICULTURAL ENGINEERING 
The author: Rosert Kepner, associate agricultural engineer at 
the agricultural experiment station, University of Calitornia, Davis 
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Fig. 1 Cutting graph for conventional mower with smooth knife blades, 
serrated ledger plates, and a 3-in feed rate. Paths of cutting elements 
and stalks being deflected to the cutting line are plotted with respect te 
the ground. Stalks originating in the shaded area are all cut along line EF 


The current trend toward farm operations 
and the demand for mower which will durable and 
good job cutting these high speeds are now Causing 
active interest possible mower improvements. There 
doubt that this interest will increasingly active, with 
the inevitable improvement the present machine 
introduction some radically types mowers. 

existing machine, the engineer should attempt predict 
evaluate the cutting action the device, particularly regard 
to the probable quality of the cutting job and the effect of the 
cutting action the mechanical requirements the mower 
Some objectives considered regard the cutting action 
are follows: 


Minimum deflection stalks the machine prior 
cutting essential for uniform stubble length 


The included angle between the cutting edges must 


small enough that stalks will cut rather than expelled 
forward 


For clean cutting and minimum power requirements, 
desirable have high knife velocity during the entire 
cutting portion the stroke. This important because much 
the cutting, particularly when the knife not down tight 
against the ledger plates, depends combination impact 
and shear rather than shear alone 

+ Cutting over a relatively large part of the cycle tends t 
reduce stalk deflection from the rear and reduces the magnitude 
cutting forces, will brought out later this paper 

Unbalanced forces should minimum 


Good cutting and mechanical durability are desirable 
high forward speeds (perhaps mph) 


this paper the cutting action the conventional mower 
analyzed and additional examples are included show how 
this method of analysis can be applied to other designs. The 
two examples used involve guardless mower with two recip 
rocating knives, designed by Russian engineers. Bosoi (2)* 
describes the method used designing this mechanism. gives 
dimensions the blades for his design, and includes discus 
sion of test results with the machine. One analysis presented 
for the double-knife mower for stroke and high 
crank speed (according design), and the other for 
the same mechanism with a 3-in stroke (two cuts per stroke 
and lower speed. 

Definition of Terms and Symbols. Since some of the terms 
used the following discussion are not entirely self-explana 
tory, the following list definitions and symbols should 
helpful; most of these items are also identified in Fig. 1 

scripts refer knife, ledger plate, front 
and rear, respectively 


d=depth, from front rear, the cutting portion 
the blades, inches 


cutting edge with respect direction for 
ward motion, degrees; subscripts and refer 
knife and ledger plate, respectively 


§= degrees of crank rotation beyond start of stroke 


X=knife displacement from start stroke (in inches) 
any crank angle, 


total knife stroke, inches 


*Numbers in parentheses reter to the appended references 


( 
| } 
Z 
Yeo) | laid ‘ 
ANG’ pe | 
| 
SG 
6,=29.7° = . 
Knife Plate 
J 


XY, pitch or spacing of blades on knife, in 
inches 
Y forward travel from start of stroke (in 
inches) at any crank angle, # 
) feed rate, in inches of forward travel per 
stroke 
a frection angle (in degrees), which 1s the 
ingle that the resultant force of the stalk 
against the cutting edge ikes with the 
normal ¢ the cutting edve when the - 
stalk starts to slip along the edge, tan a - ny 
s the coethaent of friction: DSCHIpts 
& p. f. and a reter to knite, ledger 
plate, torward slipping, rear slipping, and 
slipping across front edge, respectively 
knite velocity, in feet per second 
N = crank speed, in revolutions per munute 3 
Cuttin tph basically A plot of 
placement forward tra with st ni 
supenimy seu} 
line (koite, knite-front, or ledger) ts a 
line on the cutting graph representing the direc 
tron in which stalks are detlected when shppage 
tlong the contact edge is occurring. The slope ot 
the knife slip line, tor example, ts ax, + B 
Cutting line represents the intersection of the two cutting 
elements plotted on the cutting graph 
Stalk path line the cutting graph that represents the 
path over which a stalk ts deflected as itis moved toward the 
cuttin point 
the paths followed stalks they are 
pushed toward the cu line by the cutting edges, it 1s 
necessary to know or assume the friction angle (q) between 


the stalks and the cutting edges 
Bosor (1 
the 


The two blades were 1 


constructed a laboratory setup by which friction 


ingles of ingle of pinching | 


etween two blades could be 
ounted one above the other 
(as in a mower) so that they could be pushed slowly together 
with a stalk between them. Various included angles between 
the res were then tried to determine the maximun 
angle at which cutting would occur without the stalk slipping 
out. When the stalk was suspended by a thread, the included 
the angle. 
other tests, stalks were clamped at various distances below the 
blades to represent different heights of cut 
gles, or angles of pinch 
angle 
the « 

Results presented by Bosoit in his paper (1) are summar 
ized in Table 1 
which should be 


measured 


cutting ¢ 


angle thus determined represented twice 


The included 
ing, were then greater than the double 
the the stalk 
ection perpendicular the blade displacement 


because of bending resistance 


slong 


In establishing the maximum included angle 
used two cutting edges, desirable 
to take the values given for suspended stalks (infinite cutting 
height However, practice somewhat larger angles would 

satistactory, as indicated by the larger angles of 
it the | A typical value for the 


ower 1s about 


isually be 


pinching cutting heights 
a conventional 1 
Table 


ting of wheat straw with a conventional mower at 


included angle 
38 dex 


Bosors data in 1 indicate that cut ou 


heights greater than about Sin would be marginal gs aad | 

when smooth blades and serrated ledger 

plates hey 
In determining when stalks wall slip along the 

cutting edves as they are being pushed toward the 

cutting line, the double angles given tor suspended 

stalks are used as a basis for Bosor (2) sug 4 

gests using deg tor smooth-edged blades 

ind 25 deg tor serrated edges. Because of the - 

shape of serrations on the ledger plates of a con 

ventional mower, stalks shde rearward along the 

ledger plates more easily than to the front. Con Fig. 2 Cala 


plotung stalk paths 


Construction of Cutting Graph for 
tronal Mower. The cutting action was analyzed 


of mower width, Le. 
tional mower with 3-in feed, assumed 60 per cent of 4 
in first 10 per cent of c 
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| 

a | 


for feed rates 2in, and forward travel per stroke 
The cutting graph the teed rate shown 
Stalks originating the shaded area MPRTBDFGM will all 
cut the line the knife moves from left right 


The forward limit area covered the stroke under 
consideration detined ledger slip lines and which 
are drawn slope represented and DF, which 
the path the front leading corner the blade. Stalks 
originating along and are the guards and 
ledger plates and and all stalks behind are 
pushed the cutting line the blade. Similarly all stalks 
originating below the line MPRT will have been cut in the 
preceding stroke 

Cutting will begin when the front center the blade 
point such that the rear corners the blade and ledger just 
come together. At this point the knife displacement ts 


When cutting finishes, 


Assuming sinusoidal motion, the corresponding values of 4, 
and can calculated from the equation 


(1 cos #) 3} 
Conventiena! mower 
feed rote \ | 
+ + } 
feed rote 
} 


2 


20 40 60 go 00 40 
CRANK ANGLE , egrees from stort of strose 
lated cutt force in the direction of knife travel, as a function of crank 
forces are based on 60 per cent of a total equivalent tt of 80 Ib per ft 
iS lb pertt used in the actual cutting process. For a conven 


(area crowded ahead) was cut 
ing A@ and 40 per cent in second 10 per cent. For all others, 
1, was cut in first 10 per cent of cutting \@ 


assumed 


7 
4 
= 
: 
a 
oat 
[2] 
j 
+ 


Knife 


Slip line 


4 
17 
217° 


Lower Knife 


~ 


on @ach 


Fig. 3 Cutting graph for guardless mower with two reciprocating knives 
(smooth blades), a stroke of 114 in, and a feed rate of 2 in. Paths of 
cutting elements and stalks being deflected to the cutting line are plotted 
with respect to the ground. Stalks originating in the shaded area and 
those from an adjacent image area to the right of EK are all cut along 


line KL 


| ver, euardless sow wite 
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and knife velocities at the start and finish of cut 
ting may obtained from 


20 


where feet per second, inches, and 
N=rpm 
For mower with the dimensions indicated 
Fig. deg and deg. The cutting 
line, EF, was determined dividing the incre- 
ment, into ten equal parts, calculating the 
knife displacement for each intermediate and 
then determining geometry the corresponding 
points of intersection of the two cutting edges and 
plotting these points the cutting graph. 
not quite straight line because the relation 
knife displacement forward travel not quite 
constant during the cutting period. The use 
equal increments of @ in plotting the cutting line 
simplifies the subsequent analysis 
Stalk paths were drawn from each 
points used plotting the cutting line, shown 
Fig. These path lines were constructed the 
that stalk contact with moving edge 
will follow the path the contact point except 
| when the slope of the line from the point of origin 
the stalk this point contact exceeds the 
slope the slip line for that edge; then the stalk 
will slide along the edge maintain the slip-line slope. When 
a stalk 1s in contact with a moving edge, the two principal 
forces pressing against the edge are the bending resistance 
the stalk and the inertia force the stalk, the acting 
toward the point origin the stalk and the other acting 
the direction stalk When stalk 
Sliding along the moving edge, both these forces act along 
the slope the slip line. When the resultant the two forces 
1s at a Slope less than that of the slip line, the stalk does not 
slide, but follows the path of the contact point 
Consider stalk path, which represents the path 
stalks cut point the knife edge point the 
cutting line. drawn tangent the plotted path point 
with slope equal that the knife slip line. Stalks 
originating along will slip the knife edge, following the 
path until reached, and will thereafter move with 
the knife point without slipping. Stalks originating along 
will not slip the knife 
Now consider more complex stalk path, HJLV. the 
spot which point the knife cutting edge leaves the 
ledger plate, and drawn the slope the ledger slip 
line. the slope the knife slip line and tangent 
the path point Stalks originating along will 
flected the ledger plate. They will then moved 
the knife along without slip, because the slope the line 
between any point and any point cannot exceed 
the slip slope represented JL. Conversely, stems orig 
inating along will slip before they reach point Thus the 
stalk path includes HJL and not all stalks 
originating along HJLV are deflected point where they 
are cut point the knife cutting Stalks from 
are deflected the guard and ledger plate and also cut 
Since the stalk paths were drawn through points repre- 
senting equal increments the cutting line, the areas 
adjacent stalk paths represent land areas cut during 
equal increments These areas are indicated Fig. 
inclusive. will noted that there also area 
which must crowded forward order cut the 
rear portion the knife. Fig. represents per cent 


of the total area cut per stroke. Such a large Ay is undesirable 
because the bunching the rear the knife with the 
resulting large cutting force required the start cutting, 
and because of the excessive stalk deflection involved 

the feed rate for the conventional mower reduced 
per stroke (which value was determined 
points and will coincide and With 2-in 
feed rate, per cent the total area (determined from 
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teed rate would be abx 
tractor 
sented 


With horse-drawn mower typical 
however repre 
example, mph 


teed rates as high as the 
(tor 


mowe»rs 
by Fig. 1 


480 


are not uncom: 


on 


Deflection Once the cutting praph has been con 


structed, the maximum stalk deflection can be determined by 
firect measurement. In Fig. 1 the maximum deflection of the 
itting ), a distance of 2.41n. The maximum deflection of side 


stalks is from B to F, a distance of 43.2 
Hections tor the 


in. Corresponding de 
a feed rate of 1! 


Thus, with the conventional mower, 


same mower with in instead 
of 41n are and 2.8 1n 


deflection generally more than deflection fron 


the For cutting plane above the ground and 
naximum stalk deflection of 41n, the theoretical range of 
stubble lengths (from vertical stalks) would be 2 to 4.61n 


In addition, excessive deflection causes the stalks to have more 


# a tendency to ship forward out of the cutting unit and be 
it higher or missed entirely (4) 
Estimating Cutting Force as a Function of @. Vt one as 


that the actual cutting energy required for given incre 
nent of @ 1s directly proportional to the land area trom which 
stalks are cut during that increment, the areas 
the cutting graph can used determining cutting 
torce aS a function of # 

It is estimated that 60 to 75 per cent of the total power 
input to a mower ts used in the actual cutting process, the re 
nainder being required to overcome knife trction and other 
losses, the rolling resistance the sup 
porting wheels, the fretional drag of the cutter bar on the 
ground and stubble, and other simular losses. In Agricultural 
Engineering Data the total equivalent mower 
ive value of 8O lb and assumes that only 60 per cent of the 
total energy used cutting, the equivalent draft for cutting 
would be 48 lb per ft of width or 41b perin of width. Thus, 
considering forward travel the cutting energy 
quired is Vin-lb per sq in of land area 

The average cutting torce exerted in the direction of knite 
{isplacement during any increment of time or ts 


E (sq in of land area cut during A#) 


where and are the lateral movements the two cut 
ting units (in opposite directions) during A@, and E ts the 
cutting energy required per square inch land With 
the conventional mower, but with 
nower, AX, AX, 

the areas measured trom the cutting graph for one stroke 
pounds per foot Then 


AA 
3} 


where the area (such Fig. cut during given 
AA, and N, 1s the blade spacing on the knife. For a complete 
stroke, the area cut per blade ts AA N,*Y,. Thus, from 
equation the average cutting (pounds per foot 
width) during the entire cutting portion the 

i2 6 


aw, 


When the feed rate is large enough that a rear area Ay 
exists, some assumption must be made as to how much of the 
rear part of the knite ts used in cutting these bunched stalks 
Based on some rough measurements in tields of barley, alfalfa, 
that the cross-section area 
group stalks bunched together for cutting 
to 2 per cent of the land area on 


ind pasture grasses, it 1s estimated 
would be not more than | 
which the stalks originated 


0.53 (measured with planimeter 
Ag+ 
0.043 sq in 
the knife blade, the thickness the bunch the blade 
entire bunch represented the area even this example 
ot 
knife section 
conditions of Fig. 1, 60 per cent of A, would be cut by the rear 
one-tenth the blade and per cent the next one-tenth 
the cutting edge 
paper, 
entirely the rear one-tenth the blade 
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Thus the stalks from 
could crowded into cross-section area about 


they were all cut the rear section (1/10) 


ore than 14 in. For many mowed crops the 
extreme crowding, would average only few stalks per 
Conservatively, one might estimate that for the 


For all other examples treated this 
A, was considerably smaller and was assumed to be cut 


Curves showing the calculated cutting force as a function 
of @# for the three feed rates with the conventional mower, as 
well as for two conditions with the double-knife mower, are 
included Fig. Note that for the conventional mower with 
teed rate, the large results high force the begin- 
ning of the cut (235 lb per ft of width), whereas with a feed 
rate there and the force gradually increases 
during the cutting interval. During the last quarter the 
cutting interval there not much ditference between the forces 
for the three teed rates 


should kept mind that these curves not represent 
the net force at the knife head. Other forces which contribute 
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on kriite 
Fie. 4 Cutting graph tor guardless mower with two reciprocating knives, 
and a teed rate of Paths of 
cutting elements and stalks being deflected to the cutting line are plotted 
Stalks originating in the two shaded areas 
areas to the are 


two lines KI 


a stroke of (two cuts per stroke) 4 in 


with respect to the ground 


neht ot those shown cut 


and 


ind in two adjacent image 


along the 
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> 
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the knife-head force but are not considered this paper 
are the inertia force the knife and the force be- 
tween the knife and its supports. For example, knife 
following sinusoidal displacement pattern with stroke 
and crank speed 1000 rpm would have peak inertia 
force of 428 lb (at 9@=0); the estimated peak cutting force for 
conventional mower with feed rate (from Fig. 
would about nearly four times great the 
inertia force. Fortunately, this peak cutting force short 
duration and does not involve reversal force. However, 
the average cutting force for this mower about 800 during 
the 50-deg cutting period. Since the cutting force practically 
zero during the remaining the stroke, vibration 
considerable magnitude should expected from this 
cyclic variation cutting force 


Analysis for Guardless Mower Two Reciprocating 
Knifes. Fig. shows cutting graph for the guardless mower 
described (2). The dimensions used are those given 
this paper. recommends operating this mower about 
feed rate 21n per stroke was selected for the 
present analysis that direct given forward 
speed could made with the feed rate the conven 
tional mower and reasonable crank speed 


With the guardless mower, a new problem is introduced, 
namely, the possibility that stalks may not slide off the front 
edge of the blade. In Fig. 3, line FD ts drawn at the slope of 
the knife-point slip line, assuming a, —15 deg. As the knife 
moves from point point stalks the path the front 
edge will pushed ahead. the time point reached, 
any stalks originating the left will have slid past 
the left front corner, but stalks originating the area DFMED 
will still be on the front edge. As the knife moves from point 
2 to point 3, those stalks originating to the left of knife-point 
slip line will slide off past the right front corner. the 
feed rate too great, some stalks might not slide 
corner but pushed ahead until they went beneath the blade 
without being cut 


Thus the example Fig. individual stalks the area 
BD] would theoretically never slide the front. actual 
practice, however, interference of other stalks might help them 


moving and the effective friction angle might less 
than the assumed. Using narrower front width 
blade would help the situation, but would also reduce the 
cutting velocity the the cut. This narrowing will 


occur automatically as the blades wear and are sharpened 


The area cut during one stroke the shaded area DFGHKI 
plus equal and opposite area the right KE. this 
particular cutting graph, all stalk paths (such PQ) are 
drawn the slope the knife slip line, because the paths 
(such RQ) all points the knife-edge exceed this slope 
even the cutting line 


additional analysis mower was made, assum- 
ing the same blade dimensions and spacing, but using 
stroke and feed rate per stroke. This would give two 
cuts per stroke, indicated Fig. Half areas for each 
the two cuts are indicated the shaded areas. The preceding 
discussion Fig. applies directly Fig. except that 
and not cross for the center cut and there area 
from which stalks are likely remain the edge 
the blade 


Curves cutting force for the two arrangements the 
double-knife mower are included Fig. addition, various 
factors are compared for all five combinations Table The 
conventional mower with 3-in feed rate and the two combina 
tions with the double-knife mower, are directly comparable 
forward speed mph when the crank speed 1320 rpm 
for the double-knife mower with stroke and 880 rpm 
for the other units. Since the inertia force given recipro 
cating mass varies as the square of the speed and the first 
power the stroke, these forces would nearly the same 
all the setups 

The double-knife unit with stroke and 2-in feed rate 
has large area, but considerably better than the 
conventional mower with 3-in feed regard stalk deflec- 
tion, cutting velocities, and initial cutting force 


697 


The double-knife unit with 4-in stroke and 4-in feed rate 
has small area, low peak and average cutting forces, 
small stalk deflections, and high cutting velocities. This setup 
with its two counter-balanced knives, could 
operated crank speeds considerably greater than the 880 rpm 
assumed this comparison, and the feed rate might 
creased to perhaps 4 in without any great sacrifice in quality of 
cutting. Even only 1000 rpm the 4-in feed would represent 
forward speed 7.6 mph 


similar analysis could applied other proposed 
existing designs which cutting accomplished the inter 
section two cutting edges. For example, the action unit 
which blades were attached belt 
chain would similar that shown Fig. except that the 
knite paths would intersecting straight lines instead 
sine curves 


realized that the foregoing analysis based ideal 
izations, such the absence interference 
against the cutting edges and the assumption that the stubble 
growing vertically. However, such analysis 
worth while and useful comparing designs and predicting 
the influence the various factors upon the cutting pertormance 


SUMMARY AND RECOMMENDATIONS 


The cutting actions of a conventional mower and of a 
guardless mower with two reciprocating knives are analyzed in 
this paper, but no attempt 1s made to consider mechanical de 
tails or the etfects of unbalanced reciprocating parts 

With the conventional mower the maximum deflection of 
side stalks 1s excessive even when the feed rate (forward travel 
per stroke) only With feed rate condition 
frequently encountered in tractor mowers), the deflection of 
stalks from the rear is also excessive, and stalks from about 
25 per cent of the land area must be crowded ahead by the 
cutter bar before being cut. This results in a large cutting 
force the beginning the cut. With feed rate, none 
of the stalks are crowded ahead by the cutter bar of the con 
ventional mower. The double-knife setup with 3-in stroke and 
two cuts per stroke appears to be considerably better than the 
conventional mower the double-knife unit with stroke 

The following factors, relating to the cutting action, should 
an existing design 


1 On the basis of data reported by Bosoi (1), the included 
angle between the cutting edges should not exceed about deg 
for smooth edges, deg for serrated edges, dep 
for combination smooth and serrated edges. 

Excessive deflection stalks the machine prior 
cutting results in stubble of non-uniform length and may cause 
stalks to slip out without being cut. Excessive deflection from 
the rear also accumulates a “bunch” of stalks at the rear of 
the blade prior cutting, which requires large, suddenly 
applied cutting force at the start of the cutting period. 


4 In order to minimize deflection of stalks from the rear 
it would seem desirable to limit the feed rate to a maximum 
equal about two-thirds the motion the two 
cutting elements per stroke. Thus, for a double-knife setup 
with 3-in stroke, the limit would be 4in of forward travel 
per stroke 


short stroke (such minimizes side deflec 
tion stalks but requires high crank speeds avoid exces 
sive feed rates the higher ground speeds desired for present 
day tractor mowers. One possible compromise use longer 
stroke (such and lower crank speed 
inertia forces (which vary with the square the speed and 
the first power the stroke), and then obtain two cuts per 
stroke doubling the number guards using two recipro 
cating knives which cross over (as Fig. 


average cutting force during the cutting portion 
the stroke may least great the maximum inertia 
force the knife, and should expected cause vibration 
etfects considerable magnitude machine 
For a given mower the average cutting force ts directly pro 


portional the feed rate (Continued page 704) 
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Engineering Appraisal Farm Mechanization 
Harry Walker 


FELLOW ASAE 


JOD and raiment are basi necessities of man. The 


methods which man has sought and produced them 
are closely related his social progress and economic 


status, otherwise known as living standards. The land area of 


the world for all practical Considerations static, and, like 
wise, the natural environments over the land not change 
perceptively from generation to generation. Under these rela 
tively fixed conditions the world’s population has expanded to 
over 2.4 billions 


This has required upon man’s part some 


ganization of supply sources of these essentials 

This organizational development has been evolutionary to 
1 degree, having its primary origin in the instinctive impulses 
f man for food and shelter, out of which pastoral types of 
agriculture were eventually evolved by nomad peoples. Later 
nore static and highly organized types were evolved, such 
fallow cultivation, legume production and composting, crop 
fotation 


systems, and, as in modern times, specialized scien 


tine crop production, All of these various forms of organ 
ization for food and fiber production by man may be found in 


the world today, thus supt lying exan ples of man’s progress, 
lack of it 


ind existence 


im securing these Commodities for human comfort 


These practices are designated by the term agriculture, 
which broadly speaking, both the art and science the 
production of plants and animals useful to man, including to a 
variable extent the preparation these products man’s use 
ind their disposal by marketing or otherwise 


The practice of 
agriculture ts I 


in character, because it 
with the primary essentials tor human existence 


inherently basic 


deals 
It COMPpLises 
the production and distribution of raw materials for food, 
clothing, shelter, and in more highly developed areas, various 
crop materials for industrial uses 


Progress tn agriculture throughout the 


world is not uni 
torm. The United Nations (1)* report that “two-thirds of the 


ple of the world are fighting a losing battle against poverty, 


hunger, and inorance 


and that one-third progressing con 
toward higher standard living. The North Amer 
ican continent, for example, with one-tenth of the world’s 
population produces 45 per cent of the world’s income, while 
Asia, with 90 per cent of the world’s population, produces only 


11 per cent. It 1s in North America, and particularly in the 
United States and Canada, that technological agriculture has 
been widely developed and accepted. Yet even on this con 


tinent develoy 


pments are comparatively recent, so there ts little 
evidence to indicate how 
ethods may be in a comp! 


historical 


enduring such modern 


ex world society 


There are many tacets to this problem, such as land avail 


ibility, natural resources, human initiative and incentive, forms 
ft government and the like, but it 1s more than a comcdence 
that progress where it is found has paralleled technological 
idvances in the physical and biological sciences 

Oy occasion, engineers are celebrating a century of 
orgamized technological progress in this nation. It ts fitting 


and proper, as at 
id 


utter of record, that some review should be 


e of the engineering progress of this nation in our oldest 
industry agriculture with 


reference to its ettect on the eco 


n 1 and social progress of our people 
A hundred years ago agriculture was an art. Engineering 
is such had no recognized place in farming, yet the mechan 
1 Ha BKB WALKER, professor « t ax Itural 
gineering, Mr Walk st-president of 
und was t Dee Gold Meda 
wwarded by the Soviet 
oN 


ical and inventive skill man had already made 
worth-while contributions farm progress. The cotton gin, 
the grain thresher, the reaper, and the steel plow were already 
important aids agricultural production. These were products 
the inventive genius man, rather than the products 
analytical technology. Already the steam engine and electric 
motor had been developed, but their applications to farm 
practices had not been conceived 


Thus century ago the germ mechanical development 
agriculture was planted, but few any could visualize how 
this was influence the economic and social progress our 
continent. The inherent initiative, and originality 
our people coupled with form government which has 
encouraged tree enterprise have contributed much farm 
mechanization progress and the advancement engineering 
and agricultural technology. We should bear in mind, how- 
ever, in making comparisons with other nations, the favorable 
land areas and natural resources have 

Usher (2) his book entitled History Mechanical 
Inventions,” points out that scientists, inventors, and explorers 
are many ways the base transformation social life, 
because they all creative work. Scientists discover new 
truths and relationships, inventors seek completed ideas, and 
explorers seek new areas and resources. These contribute 
progress and technological change, thus furnishing 
the account the most important factors the active trans 
formation environment human activity. this, Usher 
explains there certain sequence change. First, have 
the contributions the scientist, inventor, and explorer, which 
contribute technological change and development; secondly, 
this certain consequences due the exploitation 
such new knowledge, and, thirdly, the causes and 
exploitation must adjusted the laws and customs the 
people. Out all this are evolved changes the mode 
life people, thus contributing social and economic change 


agriculture, human energy plays important part. The 
more primitive the production methods, the more important 
human energy becomes producing the essentials for human 
existence. There abundant evidence this throughout the 
world. single comparison, however, suffices indicate the 
validity this statement. the United States only about 
one-third our total population classed rural, while 
China about per cent may classed. Our nation’s 
progress agriculture has been directly related our ability 
substitute other forms energy for human effort 


During the last century, this country great technological 
have been work accelerate such changes. One 
the important factors contributing this has 
establishment land-grant colleges, colleges agriculture 
and mechanic arts. These institutions authorized the Mor 
rill Act 1862 and followed 1887 the Hatch Act 
establishing agricultural experiment stations have had 
portant upon the development technology appli- 
cable to the production, distribution, and marketing of the 
products the soil, well the living environments those 
tilling the This technology includes both the physical 
and sciences and this respect engineering progress 
agriculture cannot separated from the biological advance- 
ments relating farming. Technology coupled with invention 
and scientific discovery have made the faim workers this 
nation among the most productive in the world. 

century ago about per cent this nation’s labor force 
was engaged agricultural pursuits. Fifty years later this had 


dropped about per cent, while today abou 
cent 


14 per 
Only about per cent our population today 
classed farm, yet the nation’s are fed and clothed 
well any the world and much better than most. The 
development and use the grain thresher, cotton gin, steel 
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| 
| 
fers 
BS 


AGRICULTURAL ENGINEERING for November 1952 


= and the reaper were the introductory machines, which 
ater led more and more mechanical devices destined 
take much the labor load from farming and make avail 
able for other industrial pursuits 


These changes labor efficiency have always been asso 
ciated with power utilization. 100 years ago man labor 
was the chief productive energy farming throughout the 
world. In this country, however, 100 years ago the farmer had 
already recognized the potentialities animal power 
plied to crop production, and he began to devise ways and 
means this form energy. this connection, 
however, it is important to remember that at that time our 
nation had indance land and limited markets for 
farm products. This abundance of new, fertile land 
stimulating to the initiative and imagination of a pioneer peo 
ple who could readily recognize the advantages the 
land itself supply a supplementary source of energy for 
productive pur l to then 


was 


oses usetu 


ANIMAL Power Hap Derinire LIMITATIONS 


umal power not only increased 
per worker, but products the land (feed 


served also 


I 
to provide the fuel for this energy. For many years animal 


power dominated agricultural production and satisfied the 
farmer also, because he was able to proceed from the simple 
single-bottom plow the more complex gang plow, and fror 
single animal h urty or more 

The peak animal-power utilization for agriculture was 
reached only al ades ago. It was the predominat 
ing productive erican agriculture for nearly three 
fourths the past century. This form power, however, did 


not fully satisty the farmer who now had more time to think 
and plan production. The science of agriculture as developed 
agricultural colleges and experiment stations, and brought 
to the farmer by extension methods, made him conscious of the 
timeliness and speed of operations in crop production. More 
over, industrial progress urban areas Competed for his labor, 
and created growing demand for the crops produced 
feed his draft animals 


Furthermore, while animal power had greatly reduced field 
labor, did very the burdens rural house 
keeping and farm chore work. Animal power being essentially 
linear power was difficult translate into rotary forms, 
contributed little lightening the burdens rural house 
keeping. the meantime, industrialization our nation pro 
ceeded and urban populations increased. Those who lived 
the cities could enjoy standards living, which were impos 
sible the country under the animal-power regime. Rural 
folks were not only dissatisfied with the limitations the 
horse and mule for farm production, but this power failed 
bring the farm the basic utilities needed make rural life 
comparable urban living 


6% 


Soon after the beginning the last halt the 19th cen 
tury our first oil wells were discovered (1859). discovery 
this seemed have importance agriculture other than 
afford supply fuel (kerosene) for lamps. However, 
the last quarter the past century the Otto-cycle engine came 
into being and these two and the inven 
tion practical internal-combustion destined 
play important role the future mechanization 
culture. The steam engine had appeared earlier and it was 
used successfully for stationary operations like grain threshing, 
but had only limited applications for mobile tarm operations, 
due its weight, cost, and fuel characteristics. But created 
in the farmer a desire for mobile mechanical power. The ad 
vent of the automobile further stimulated this desire. By 1895 
some attempts bad been made to develop a mobile tarm power 


unit equipped with an internal-combustion engine. Subsequent 
developments came rapidly due to the heavy tood der ands 
occasioned by World War I, labor shortages, and the need to 
conserve for human requirements the feeds used by work ant 
mals. The internal-combustion mobile power unit became 
known as the tractor. By 1918 there were over 180 so-called 


tractor manufacturers 


CONTROL OF Power INCREASED RATE OF DoING WorK 


These developments had a tremendous ettect upon farmers 
and their conception of the potentialities of mechanized agri 
ilture. The control of more and more power by the farn 


worker increased the rate of doing work and provided the 


otential for timely operations. It also tended to minimize the 


the tarmer to do Ins farming 


hazards of weather thus helj ing 


as science, developed through the experiment station, indicates 


it should be done and at the time it should be accomplished 
By the end of World War I, the animal-power epoch had 
passed its peak and the basic elements for a mobile farm power 
plant were proven. This:marked the beginning of the truly tech 


nical and practical impact of engineering science on agriculture 


Another development engineering significance agricul 
ture had its inception the early eighties. This was the utiliza 
tion steam power for the generation 
development the electric motor 1821 may 
called the inception rural electrification, but was not until 
the 1890's that electrical transmission had reached a stage of 
development where the imagination men saw 
electrical energy for agriculture. Water power tor electrical 
generation the West required that electricity should trans 
mitted from sources generation distant urban centers 
These transmission lines crossed fertile valleys irrigated 
this same water and having origin the snow-capped 
mountains. not surprising that farm electrification came 
first into being these regions the West. 1912 the 


versity of California (4) operated a demonstration train to 


show the advantages of rural electrification. Ninety thousand 


ipment pictured here are typical of the evolution of the use of power and improved machines on American farms 
in the past quarter century 
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By 


were 


onstration train 
of Calitormia 
electricity nearly 
state s farr y this time 
while rapid in the western costal areas 
fruition for the coun a whole until 
farms through 
imistration organized in 1935 


cople visited this det 1920 approximately 
electricity 


illion acres 


the ¢ 
Water pumped 
the 


using 
lands t This engineering devel 
pment 
fil mot 
the nation « 


the Rural Electrical 


Blectricity 
to ac 


in apricuiture 
reach its full 


ds 


ecided to subsidize its exte to 


Adi 
however, did 1 
the 


nsion 


than other 
fards of rural living. It 
energy 


ore form of 
gave to the 
in mature that 
and comin thus pro 
a type of energy to make possible all 

modern apphances for the isolated farm 
it has brought to the farm a form of energy 
chore work, farm processing, domestic and 


farm and Crop preservation 


and d 


any 
fvance 
for ot 
heat, power 
form 
oft 


power 


St 


so versatile it could 


light 


usewile a 
for 


m 


be used 


ations 
viding 
the 


home 


one 
advantayes 

In addition, 
laptable to farn 
pun 


The 


Storape 


contributions of the scientist, inventor mcoverer, 


is reflected in the discovery of petroleum, the development of 
the internal-coml farm equipment, 
ind the with related me 


and related 
of 
chanical devices for its use, have provided the means for exten 
sive the farms and homes of our land. These 
have made our farmers among the most productive in the 
world, and have provided for our tarm families the potential 


nechanical devices required to make farm lite the most attrac 


enpine 


transmission and use electricity 


mechanization of 


tive and healthtul of any known rural area 
In the over-all picture, our nation has become industrial 
through the mechanization of its tarms and tactories. Farm 


ing under engineering development has tallen heir to industrial 
The tarmer of today is concerned with 
olume production of high-quality products at He 
too must consider and be with break-even points 
He is no longer concerned with mere sul He has a 
greater responsibility, tor today only about per cent 
our total population now tarms. These folks 
produce not only for themselves, but tar more important they 
carry the responsibility producing excess enough tood and 
ther for the 85 per cent not on tarm 


nethods and analysis 


low cost 
concerned 


sistence 


s. but living in cities and 


hamlets to provide With similar ethciency, manutactured and 


processed poods and services for the nation 


changed our rural urban, trom agricultural 


industrial, one trom 


population representing a tarm m 
lation a tarm minority 


ity popu These changes have 
yreatly increased the stature of farmers, by placing upon them 
the responsibility of producing in abundance and at reasonable 
cost the raw-product needs tor an expanding inc 


Furthermore, 


popula 
they face the necessity of m 
high level the soil resources of our nation 


This the accompanying graph (4) 
indicating the percentage distribution of the labor torce of this 
Hation im non-agricultural and pursuits for the 
chiang This has been offset by the productive etfort 
study of output per farm worker, 1870-1939, and using 1890 
is 100 for total output, employment, output per farm 
worker, the following figures for 1940 
total output 378, employn 134, and output per farm 
worker Farm productive ethciency, moreover, has made 
phenomenal progress in the past decade. Farm output per 


tron aintaining ata 


change us shown 


agricultur al 
period 
workers 


years tarm 


percentage have 
minority 


tarm in m 


and 
gives corresponding 


lent 


nan-hour since 1940 ts estimated to have increased around $0 
per cent above the 1940 figure 

Thus during the past has evolved 
trom the pioneering mode lite, with subsistence 


portant factor, into a productive industry, which utilizes power 


and machinery as instruments of management in efhcient pro 
duction. As numbers in tarming have decreased relatively, 
tactors of science and management have increased. Today the 


manager commands the respect informed 


people Due to the continuing minority of tarmers, the public 
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less able become acquainted with their changing environ 
ments and practices. today the farmers have growing 
public relations problem. Many people think farming 
was several decades ago rather than pivotal dynamic 
dustry of increasing in portance in our national welfare 


Farming this country industry which 1950 utilized 
over 3.6 tractors, more than 2.2 million trucks and 4.2 
automobiles. Hence farmers are good customers heavy 
manufacturing, petroleum, tire and other industries. 
the average farm today (6) has tires its 
cars, trucks, tractors, and other mobile equipment, 
thus making the agriculturist the rubber biggest 
potential tire When one thinks the farm demand 
automobiles, tractors, trucks, petroleum products, tires, 
farm machinery, electrical equipment, fertilizers, insecticides, 
and other products, apparent the agricultural industry 
important not only for the production food and but 
outlet for the products the purely industrial plants 
of our nation 


(7) his report the Committee Labor and 
Public Weltare (2/20/52), entitled “Manpower 
and Agriculture,’ shows that where one farm worker 1900 
used 2.2 hp, 1956 used These are not 
directly comparable since much transport power involved, 
but they the rapid shift power utilization 
workers changing from animal power mechanical-power 
equipment. this utilization mechanical equipment that 
has made possible produce acre wheat today with 
man-hours labor, where century ago man-hours were 
required; produce much corn per worker min today 
could produced man-hours years ago. Other 
comparisons could made, but these are 
require further mention 


example, 


FARMER APPRECIATES THE VALUE 


TECHNOLOGY 


THE 


the 4.5 million farms are largely statted with new 
type farmer, farmer who appreciates the value tech- 
nology because technology essential him. Since uses 
mechanical power the tasks formerly done hand labor, 
has become capital investments 
charges. realizes that our population 
dependent upon farmers for their food and supplies. This 
motivates his efforts toward volume production quality 
crops low cost possible. recognizes the necessity 
for superior management and realizes the dynamic nature 
his industry as influenced by a changing technology. Thus our 
concepts the farmer few decades ago are obsolete even 
though the competent today has evolved largely 
those period. this evolution, however, 
there has been much screening for competency due the 
competitive nature modern industrial farm production. The 
farmer today extremely conscious costs, particularly 
labor forced become machine 


conscious 


has 


costs, 


DisTRIBUTION 


1860 880 x 920 1900 


Time 


This chart shows labor force trends in the United States 
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minded, thus contributing to the rapid mechanization of our 
farms in recent years. 

The dynamic tarm mechanization and improved 
land utilization and maintenance upon the economic and social 
environments region well illustrated thirteen our 
southern states (8) during the decade 1940-1950, These states 

- Kentucky, Virginia, Oklahoma, Arkansas, Tennessee, North 
Carolina, South Carolina, Georgia, Alabama, Mississipp1, 
Texas and Florida faced with the problems 
growing population, rapid industrialization, loss farm labor, 
depleted land resources, and the urgent need for farm prod 
ucts, have introduced new farming methods to meet new 
conditions and requirements. 


During this decade population for the region has increased 
trom 37,014,000 to 41,779,000; population in cities of 50,000 
more has increased from farm 
workers have decreased from 4,711,692 3,858,692, while 
tactory workers have increased from 1,458,860 2,726,800 
Yet in the face of these conditions output per farm worker has 
raised per cent improved practices made possible 
through mechanization. During this decade tractors 
creased for the area from 254,819 841,993, pickup balers 
trom 7,420 to 43,761, grain combines from $7,520 to 134,874, 
and electrified farms from $62,258 to 1,888,000. 


The economic and impact this change 
the following data: Size farms increased from 123.1 
142.6 acres; sharecroppers decreased from 356,000; 
work animals decreased from cotton 
tarms decreased from 1,562,459 584,007; cattle increased 
26,677,000, and farm bank deposits 
creased over eight times what they were years earlier 


This was accomplished, moreover, decreasing harvested 
acres six million, and changing cotton land grassland 
Small farms acres less decreased 17.5 per cent, and 
income increased 150 per cent for the period 


Thus the great agricultural potentialities the southern 
States are coming into reality through agricultural mechaniza 
tion and improved farm practices. This area serves out 
standing example of the social and economic impact farn 
mechanization can have upon agricultural region 


The question may arise whether not society 
served mechanization such has taken place 
erican agriculture. must there are some 
hazards, well advantages. Also circumstances may 
hance depress such developments 


FRUITS OF TECHNOLOGICAL ADVANCEMENT Mort 
GENERALLY ENJOYED 


the United States our form government has promoted 
individual freedom, initiative, self-reliance, and, general, 
personal rewards for human other country can 
tound more freedom for human enterprise. While many 
perfections may exist, and improvements should always 
sought, the fact remains that more people country 
enjoy the fruits technological advancement than 
tound elsewhere. top this, our nation has 
advantages vast natural resources stimulate technological 
progress. These things, when put together, have made pos 
sible for minority workers produce the foods 
required maintain relatively high standard living our 
Wirt (9) his address the 1951 annual meeting 
the American Society for Engineering Education stated: 
1951 one individual the farm should able support 
more persons, thanks largely power farming 


Johnson (10) paper presented before the Chicago 
Section, Society Automotive Engineers, Feb. 12, 1952, 
referring the benefits mechanized agriculture stated: “In 
this country the average American needs lay down only 
cents out every dollar earns feed his family. That 
the face present comparatively high food prices. the 
better agricultural Europe the food costs run 
around per cent (including subsidies). country like 
Italy, around per cent. China and India takes 
per cent the average wage dollar keep body 
and soul together for him and his family 


TOL 


Thus in this country ethcency in tarm production through 
echanization has developed an abundant tood supply at 
able cost. Here the worker has left out of his wage 
dollar a high percentage to spend for those other things which 
contribute to human comfort and security. Mechanization of 
tarming, as in industry, has magnined the importance ot the 


reason 


individual as well as his income, thus contnbuting to an ad 
vanced standard living for the wage earner and his famuly 


High production also factor national 
security. During the wars of the past 50 years our agriculture 
through the utilization of mechanical aids has maintained ade 
quate food and fiber production with fewer workers. This has 
contributed both directly and indirectly to national security 
programs. The potentials such contributions have never been 
fully realized 


One of the basic problems encountered in food and tiber 
production 1s the relation of land resources to population needs 
Over a period of years, croplands harvested in this country 
have vaned but Actually more cropland acres were 
harvested this country 1951 than Production, 
however, was about per cent greater 1951. Better tech 
niques, more timely operations, better varieties and species ot 
crops and livestock, together with better management when 
aided by mechanical equipment and modern chemicals have 
contributed to better yields. This is likely to continue. Dr 
Robert M. Salter (11), chief, U.S. Soil Conservation Service, 
recently stated: “Several studies aimed estimating agricul 
tures maximum production capacity are under way. IT have 
examined preliminary results of some. They indicate that with 
the best combinations of known practices put into use on all 
farms, production could be increased from 60 to 70 per cent 
The studies indicate, for instance, that average corn and cotton 
vields in the United States could be increased 75 per cent. The 
potential for small grain and soybeans doesn't appear to be 
quite that high, but for hay and pasture appears that 
could double our forage production through 
provement 


EXPANSION OF URBAN AREAS CUTS CROPLAND ARFAS 


While the potentials production agriculture are 
tar from full realization, the fact remains that available land 
areas for farming are relatively limited. Even though new 
lands may be brought into production through reclamation of 
other forms of land development, the expansion of urban areas 
into productive farming sections Continues The expansion of 
rural electric service and the convenience family transpor 
tation obtainable through the automobile have encouraged city 
folks seek the surrounding country 
Lateral expansion of cities 1s more rapid than vertical expan 
sion, because modern mechanization has made country living 
more attractive and comfortable than possible crowded 
urban centers. Due these tendencies, unlikely that crop 
land areas can expected show much net gain the future 


Within the present century more than 60 million acres of 
cropland formerly devoted to the maintenance of work am 
mals have been released for human consumption crops. The 
mechanization of our farms has made this possible. But this 
cannot much further, and our population growing 
accelerated rate. The director one our large agricultural 
experiment stations (Calif.) recently stated in effect “In the 
last SO years twice as much food 1s being produced from 
roughly the same acreage. 1975 the prevailing diet 
years ago will demand 100 million acres of new land, or its 
equivalent. Unrealized gains the past are not possible 
the future example, conversion from horses to tractors, 
released acres. Improved practices must meet the 
substantial portion of the need 


With little promise from acreage expansion our future 
hopes lie better yields from the farmland available. The 
engineer with the chemist the 
agriculturist can much meet the food and fiber demands 
of an expanding population under relatively tixed land areas 
Surely there every reason anticipate ample supplies 
tarm products needed maintain high standards living for 
all working people and their families for many generations 
come. However, the strength (Continued page 704) 
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Determining the Topography and Design 


the Characteristics Farm Ponds 
Beasley 


Memaer ASAF 


METHOD wall 


Pta $8 Can be deter ed prior to construction cent slope 
It {bea ivantage to be able to determine in Phe particular pond design to be analyzed for this location 
the surt area. the ar f lepth, the depth ire indicated in Fig maximum depth of water in the 
the ground (designated “till is 4 ft, the depth of water obtained 
} > iy} 
The most efficient. pond that stores the greatest 1 (designate cut) is 4 ft, the top width of the 
el lar the side slopes of the dam are 3 to 1 on the water 
re as f lered its desig id dam 1s selected to be 
ca 
| » that in Fig. 1 and the 
e of the i 
e the height of the dar 
‘ +} het { 
i 7 hofw ¢ il ground lee} pom d ht from Fig. 2 and must be 
it he depth obtained excavation con e of the da ‘ > At 
The t tthe is extended gentially 
est the the int conte point 
1 tended until it is at the 
spillway ts dug into the 
he ¢ wl nt ts te e ¢ \ ra } 
114 ft 4 ft from the top ot the dar to the botton 
t the spillway as required. The height of the dam at any 
I point along the center line can be determined from the height 
of-dam contours 
I 
With the height of dam at the centerline known, the area 
. W Pie an t section of the dam at any point can be computed. A 
Mt \, Ext < Roxie Ses formula tor this, which is sufficiently accurate, is as follows 
t M sary to divide it into a series of sections, compute the volume 
of each section separately, and then add the volumes of the 
Mon, 
< 
ar 4s 
frat Sope en 
ecm ‘ 
t t 


Ground 
Sutoce- 4% Sige 


Origine! Ground Surface 


ored above ricinal er na 


4 
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Fig 5 Extent of water storage above original ground surtace 


individual sections. convenient divide the dam into 
sections between the contours indicating dam heights. The 
total volume earth the dam this example 1376 

The next step determine the volume water the 
completed pond. noted Fig. that the volume water 
stored above ground, indicated the shaded portion the 
sketch, plus the amount of earth excavated would give the 
total volume of water in the pond, assuming that there is no 
excavation back the water line. amount earth 
cavated will equal the amount earth the dam, this case 
yd. 

The depth water stored above the original ground would 
indicated the above-ground storage contours Fig. 
The area enclosed each the above-ground contours 
determined. One way measure these areas with plan 
The volume stored between each these levels com 
puted taking the average the upper and lower areas and 
multiplying the distance between them, ft. The total 
these elements volume equal the volume water 
stored above the original ground surface. this example, the 
amount water stored above the original ground surface 
and the amount earth excavated yd, 
giving total water storage capacity 2107 yd. 

The actual depth water the completed pond can now 
determined. This done trial and error. Depth water 
contours are first drawn the excavation were made 
3-to-1 slope from the water line. The pond capacity com- 
puted using these trial contours, following the same procedure 
that was used determine the volume water stored above 
the original ground surface. this trial pond capacity less 
han the actual pond capacity computed (2107 yd), 


. 


| 


"O48 


of Mote 


ware 


Fig. 7 Contours showing the depth of excavation required and the 


distance earth must be moved to t 


«© placed in the dam 

will be necessary to excavate back of the zero-depth contour 
line secure enough earth for the dam. (If this necessary, 
different method solution used which will explained 
later.) this trial pond capacity greater than the com 
puted capacity, indicates that the excavation was made 
too steep slope and more earth was removed than would 
required the pond dam, which case the trial contours 
must adjusted until the trial pond capacity equal the 
pond capacity as computed. These contours then represent the 
depth of water in the completed pond (Fig. 6) 


Original Weterline Stone 


woteriine 


Original Ground Surtoce 


Excovetion Above Woterline 


Fig. 8 Cross-sectional view of the pond on a steep slope 


To determine the work required to build the dam, it 1s 
necessary to compute the distance that the earth 1s moved. In 
this method assumed that the pond symmetrical about 
line Fig. and computations will made for one- 
half the pond only. Point located that will rep- 
resent the center volume the earth one-half the dam 
The total of the volumes of the sections of one-half the dam 
the right point equal the total the volumes 


of woter Stored 


— 


~ 
— > 
( 
| 
— 
Ret 
ry 
\ 
iS Fig Contours showing depth of cut and depth of water in the pond ' 
Fig. 6 Contours representing depth of water in the p when excavation 1s required back of the waterline 
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Cutting Action Mower 


nued from pu 


Cutting over a larger part of the cycle also decreases the 
¢ of the average 
alance from 


cutting force and thus tends to re 
However, order 
velocities, cutting should not take 
place near either end of the stroke 


either end 


luce the this source 


maintain ac li cutting 
Suggested limits are 45 deg 
wa single reciprocating knife and 30 deg for 
duration the cutting period for 


ouble-knife achine 
i given spacing of blades on the knite 1s determined primarily 
by the front and rear widths of the cutting elements 

The use of two reciprocating knives instead of one tends 
o minimize unbalanced forces (both inertia and cutting). For 
double-knife unit gives twice the 


i given stroke and speed, the 
velocity any crank angle and allows twice great 

i teed rate 

& With a guardless, double-knife mower, there is a pos 
sibility that some of the stalks may be pushed ahead and not 
cut because they do not slide off to one side of the front e 
f the Controlling factors feed rate, the front 
ith of the blades, the coethcient of friction of stalks against 
the tront of the blade, and interterence of other stalks 


blade are the 


Wie 
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Appraisal Farm Mechanization 
niinued fror puke 


ite les in more and nore reliance upon science anc 
To revert to human 
living standards. If we are 


needs from 


Mechanization must continue 


technology 


ind animal power means loss of 


provide energy present expendable 


sources, new forms must be discovered and utilized 


In a democracy such as our own, where people are free to 
think and act, human initiative always will be available to tind 
solutions to new problems. Our own achievements in the past 
provide that assurance for continued economic and social gains 
tor our citizens. Mechanized farming offers promise of greater 
efficiencies in worker output, better yields from the land, less 
These things contribute to con 


waste, and improved quality 


CCOMOMMC and social gains tor our people 


) rember 195. ap: 
iis 
the sections to the left ot t It the pond were not syr 
etr it w HE necessary to ¢ pute cach separately 
Cont r lines are now plotted which wa represent the 
te ition required at various poimts. If the leptl 
4 ter aleve the or ial pr nod surtace which S repre 
Pane ented by « t ms (Fy s subtracted trom the depth of |. 
water the pe the ditterence will be the depth of cut 
Point f equa etl t cut are thus located and lines con ae 
nect these ire called depth-of-cut contours. The 
carth exc ited between adjacent ler depth 
t contours can be deter ed by obtann: 
fea oA adjacent depth-of-cut contours and itiply 
i y the fistance etween ther The total of all 
these cs sl ild equal one-half the total amount of earth 
ted of ne-halt the ame it of earth im the pond dat 
w halt the 4 ing Cor 
PoINt IN CeNteR OF AREAS 
CONTOURS 
TEN 
tint center of each of the are 
by the contour ss divided into two halves by | 
line through the area’ To be sure thi 
It necessary, the line is moved shihtly « 
aes may be required to make the two are Bosor, FS Angle of slolBade of the cutting apparatus Bs 
manner the area ws divided into twe equ t har ting machines Rus Sel Khozmashina 1949 (5) 
A 
The pot of mmtersection of the t M 194 
tial line is the center of the area. TI > Boson, FOS) Rapid-cutting guardless apparatus tor harvesters (ir 
Val dfeas ate desipnated as 0 ta 4 Sel Khe ASS 6, Aug, tg 
the earth excavated between the Sel Khozmashina 1 8-14, May, 1952 
. contours are sit irly located. 
aoe each of these elements by the distance tr Rot 
ie. j eto the center of volume of one-half the aoe 
Che tota thece products divided by the 
excavated in this halt ot the {1 will be the ur fut 
that the earth 1 st be ved to be placed in 
exam this distance rs tt. The a of wor 
ited in yards by the distance it is mioved in 
In determining the pond ation is 3 
eae 3 required back of the water line as indicated in Fig. &, the : 
eta,’ procedure is the same as discussed previously up to the step =; 
represented by Fu A pond with a 75-ft radius of curva 
i 1 an inverte¢ \ SHape t 
rapt 12 per cent slope used as an examp 
trons required back of the 
tours are drawn, tound that excavation back 
i ! rie Step is iwoin tra 
fepthot-cut contours on as madicated in Fig 
tor e halt the pond, ass ing the pond is symmetrical | 
These dept rs are adjusted until the volume of iw v, News weet XNNIX 
ivat equal to the a int t earth in one-halt the 
The center of v the excavation can now be NY 
leter wt and the average distance the earth must be moved 
Califerma mittee « Relat ft Electricity to Agriculture 
te e pla { t 1a aan « easured 
{ report Calitornia fa 194 
ates. The depth of water in the « pleted pond can be deter Table I ere 
at vas S paints by adding the depth of cut to the N 
lent} water stored a the orginal ground surface 
Depth ot water contours « then be drawn im as indicated in Bare Ha I mee 
can let these denth-of-water contours Bins Compe i M 6 p. 
etl { ot wink the surtal ty of Various sites tor } 
wer } strs } culture. Senat 
ponds and of deter the st desirable pond design at FE. Manpower, Che ry Act re e Dac 
particular it iy be used on any topography regard 
An t tlerent pur designs on various types of 
raphy have been analyzed this method and compart Wirt, Power Farming National Defense 
Bay hae sons ide as to the a ntof work required in relation to the \ Pa 
water-storage capacit the cay ty in relation to the an int 
( liter, Pramse Farmer): Paper presente ‘ 
oft earth i he Ga i es ce area rela 1 tir the Fel 12. 10 
irea ot lept These findings are to be published in 
the Missours Agricultural Exper ent Station B etin No. R M.: ¢ ered ¥Ot. 
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Determining Time and Amount Irrigation 
Krimgold 


Memuer ASAE 


THE July tssue AGRICULTURAL there 


appeared paper van Bavel and Wilson (1)* which 


may well prove to be a turning point in irrigation practice 
particularly in the so-called humid regions. I say this with 
conviction derived trom nearly 20 years of work in the helds 
of agricultural hydrology and agricultural climatology and 


from basic training and sustained interest in irrigation. It may 


be unorthodox, but I cannot think of a more ettective way to 


liscuss this important development than to relate my recent 
experience in planning Irrigation on my own farm in central 
Maryland 


Two years 


after some years research agricul 
tural hydrology acquired 182-acre farm Carroll County, 
Maryland. My plan ts to develop on this farm an enterprise 
capable producing decent stable income. study the 
climate, soils, and economics of crop production led me to 
lecide on beef cattle, cow and calf, as the principal enter 


prise. Of the 182 acres about 14 acres are in woods and 8 
acres are roads, farmstead, are otherwise unavailable tor 
either pasture or cropping. This leaves 160 acres which must 
divided between hayland and pasture. With crop rotation 
including four years of hay (alfalta-brome-ladino ) the limiting 
factor determining the number ot animal units is the carrying 
capacity of the pasture. My own studies and observations, and 
the experience of others tn our area, show rather detinitely that 
in May and June, and again in September and October, our 
pastures will carry animal units the acre, but that 
would be imprudent to count on less than one acre per ant 
mal unit during July and August. This means that with 80 
acres pasture can carry only head and must let the 
pasture be underutilized two-thirds of the time. The alterna 
tive 1s to stock the pasture to its May-June, September-October 
capacity and resort to either supplemental irrigation or supple 
mental feeding during July and August. not hard see 
that suppleme:ital irrigation is the better solution 

The most ethcient use of the hayland under our conditions 
is to keep it in a mixture of alfalfa, ladino, and perennial 
grasses as long as possible. This means a rotation with four 


I 
I 


years hay, one year row crop, and one year small 
grain. our area the best-paying row crop medicinal 
plant which, with ample and fertilizer and with good 
cultural practices, could net $400 per acre. But this crop 
can seldom planted before the middle end June and 
must through the rain months July and August 
during its most critical period with the result that the great 
potentialities this crop are fully realized only during the 
rare years when the crop can planted early when the 
amount and distribution rainfall and the 
July and August are usually favorable. Here again the answer 
supplemental irrigation. understandable why 
people our area, like many other areas for other but 
equally valid reasons, are thinking more and 
supplemental irrigation 

There are number aspects that must caretully con 
sidered connection with There are the chemical 
and physical properties the the depth the water 
table, the slope and configuration the land, the source and 
dependability the water supply, power, and also some legal 
aspects. These are all connected with the initial surveys and 
construction installation phases. With own background 
and the assistance from our state agricultural extension service 
and other agencies anticipate particular dithculty solv 
ing these problems. The more difficult and perplexing problem, 
that scheduling irrigation, comes after the installation 


more in terms of 


completed 


This paper was prepare 


The keys to successful irrigation particularly in humid 
regions are the proper time application water, 
the correct quantities per application, and, in the case of sprin 
kler irrigation of tilled land, the correct rate of application 
and drop size 

For a given crop and soil it is possible to determine the 
depth of unimpeded root penetration, the depth to the im 
peding stratum, the depth the water table. this 
information and the “available water’ (held capacity minus 
wilting coefhiicent ) in the root zone it is not difficult to deter 
mine the maximum amount of water per application W ater 
much in excess of field capacity occupies space which tor 
maximum crop production should be occupied by air. In coarse 
textured and in well-aggregated, tine-textured soils such water 
remains in the soil for only a short period (12 to 2ahr). In 
poorly aggregated, tine-textured soils water in excess of tield 


capacity will remain much longer and will do more harm than 
good. The low infiltration capacity of such poorly aggregated 
tine-textured soils make them unsuitable for sprinkler 
tron the only feasible method of irrigation on steeply slop 
ing, irregular land. For our case and for practical purposes 
elsewhere the maximum quantity per application can theretore 
not exceed the “available water” in the root zone There 
appears some evidence (11) that the presence ample 
plant food, maxin 
moisture content of the root zone could be kept at or near tield 
capacity at all times during the growing season. But to do so 


he 


production would be obtained if the 


would require practically continuous irrigation, This may 


possible with a permanent sprinkler system, the initial cost of 
which would be prohibitive except in very special cases. On 
irrigated pastures it may be preferable to keep the moisture 
content somewhat below field capacity to prevent damage to 
the plants and the structure of the soil by trampling of wet soil 


are all interesting but largely academic considera 


tions. In practice it 1s the water supply the capacities of the 
pump, pipe lines, and sprinklers, and the most efficient use of 
the operator's labor that determines the quantity of water 


per irrigation. For most ethcent irrigation consistent with 
these practical limitations, the time to apply irrigation is when 
the amount of moisture in the soil has been reduced from the 
optimum by an amount equal to that which can be applied 
most efhciently with given setup 

This simple and common sense approach to the determina 

iprration, the formula for computing evapotranspiration and 
the bookkeeping procedure used in determining the net amount 
of soil moisture used 
the Thornthwaite 


tion of time of irrigation, the concept of pote nttal evapotran 


given period are the quintessence 


ethod 

In their paper, entitled “Evapotranspiration Estimates as 
Criteria for Determining Time of Irrigation,” van Bavel and 
Wilson attempted with partial success to demonstrate how 
Thornthwaite’s formula and bookkeeping procedure be 
used in estimating moisture content in the soil. Their failure 
to grasp Thornthwaite's common-sense approach to the deter 
mination of time of irrigation led them to say that in 
order to use the evapotranspiration approach, the rooting 
depth of the crop, the moisture characteristics of the soil, the 
moisture-tension tolerance of the crop, evapotranspiration rates 
and a record of rainfall will have to be known They have 
as a matter of fact made the problem far more complicated 
than it needs to be and made Thornthwaite.s method appear 
far less workable than it really is. What, for instance, do I 
care about moisture characteristics of the soil and some of the 
other items listed by van Bavel and Wilson? If with my setup 
one inch is the most efficient and economical quantity per 
irrigation, then what difference does it make what the total 
available moisture’ 1s or what the “moisture-tension toler 


ance’ of the crop is. (I suppose they mean the good old 
wilting coethcent’.) For maximum crop production obtain 


able with my setup, I need only to know when a net of one 


| 

The author: D. KRiMGorb, principal research scientist, laboratory 


inch of the soil motsture has been used up, which 1s the time 
to turn on the pump. Only if the total “avaiable moisture” in 
the root zone were less than one inch would I be concerned 
with the moisture characteristics of the soil. But on such a soil 
would hardly economically feasible 
Van Bavel and Wilson summed up the situation with re 
gard the present methods determining the time 
tion very well in the following statement 
Asa 
measure the 


result, there are now 


available tensiometers to 
soil-monsture 


directly, and gravimetric 
plugs, Bouyoucos gypsum blocks, nylon blocks, Colman fiber 
glass blocks, thermal conductivity units, and other types of 
instruments which measure, indirectly, 
tent from which the soil-n 


tension 


the soil-moisture con 
oisture tension can be derived 

Even when used in research work 
irchase 


ind interpretation 


these methods are 
time required for operation 
For practical use the farmer, they are 

ill but out of the question. Moreover, there has been no single 
ethod developed which ts satisfactory for field use 
fue mainly to the small soil vo 


pensive inf cost and 


This 1s 
ne which ts measured by any 
tf these methods and the resultant variation between replicate 
installations 


1 would like to 


inderscore the last 


this 
sentence by 
not in developing a satistactory 


indorse statement strongly and 
saying that the difficulty lies 
soil moisture meter,” which 
is yet to be accomplished, but that because of the great vari 
ibility in soils it 1s highly improbable that even a poor ap 
proximation of soil momsture can be gotten with 
number of field installations. The value of 
Wilson's paper is that at calls 


ethod of scheduling urnigation 


a reasonable 
van Bavel and 


attention to Thornthwaite's 


DEVELOPMENT AND APPLICATION OF THE 


PHORNTHWAITE 


I had the privilege of rather close association with Dr 
Thornthwaite when we were both in the research division of 


watched with great interest the development of the n 


method 
ind its many applications. Thornthwaite first presented the 


ipplication of his method in scheduling irrigation in 1944 
betore a meeting of the North Atlantic 


in Soaety of Agreultural Engineers. Untortunately this 
remarkable paper 


ublished. In this and tn 
subsequent papers, some of which are listed in the appended 
references, Thornthwaite 


Conservation Service, 


Section of the Amer 


truly was not p 


and others have demonstrated 

works in Van 
Wilson's Table ENGINEERING, 
page 420) could be considered another illustration 


it we could assume that the soil of the small experimental 
lot at Raleigh was sufhciently 


how 
well his 


Bavel and 
July, 1 


method estimating sol on 
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osture 


umtform and the tensiometer 
ations sufficiently nun 


erous to make it possible to ar 
rive at the 


dates with tensiometer deter 

nations of soll mormsture No one who takes the trouble to 
examine the evidence presented so far by 
others can deny that the method works. It works well enough 
so that Seabrook New Jersey, one of the largest 


vegetable farms in the world, accepted it as the basis for many 
foits farm operations incl 


Thornthwaite and 


Farms in 


iding the scheduling of irrigation 
Thornthwaite’s n 
my own tart 


and expect it to work better than any 
method now available 
Van Bavel and Wilson have done 


mstrating 


t} 


a real service by den 


the validity of Thornthw aite’s method in estimating 


soul morsture; however, like others betore them, 


they did not 
the 


Thorathwaites approach and 
taken liberties which may not be fully justified 
that “according to Thornthwaite the daily 
spiration for the 
think n 


reasonab 


tully significance of 


have They 


evapotran 

July not 

as to require such an un 

On checking I tind that this was an 
ation and that values of evapotranspira 

tron can and should b mined tor individual days 

I tully sly indorse van Bavel and Wilson's 
nent of purposes of rationalization of 


State 


Raleieh area is 0.21 in in 
ethod 1s so cru 
assumption 


unwatranted sin 


Agree 


Irrigation 


estimating soil ousture Content 
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through evapotranspiration and measurement 
should would further and say that there 
evidence justify the use the method irriga- 
tion practice the present time but would like caution 
against misinterpretations and against attempting apply the 
method private land without consulting its originator. 


Thornthwaite has gone beyond the theoretical formula 
stage. embodied the results his investigations very 
practical device for computing the time With 
this device, which operates much like circular slide rule, and 
the accompanying instruction, anyone able read scale can 
easily determine the time will take for given amount 
moisture withdrawn from the soil. The only additional 
information required current record rainfall which 
should and can readily obtained the farmer with 
inexpensive commercially This device 
which Thornthwaite calls “irrigation soon 
made available commercially. understand that 
method is being subjected to various tests by workers all over 
the world and that and others are constantly work 
retinements and improvements the formula and the method 
intended that becomes available the new information 
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Progress Farm Building Mechanization 


Deane Carter 


FeLLow ASAF 


ROGRESS in coordinated research has been an outstand 
ing achievement agricultural engineering the past 
decade. This is well illustrated by the studies of fart 
stead mechanization; in the use of power in place of man 
labor, and in the planning of buildings to save time, travel 
and energy 
Automatic handling and processing of farm feeds 1s bu 
one the many farmstead problems the over-all objective 
of applying engineering methods to improve farming opera 


tions. Gains have also been made in crop processing, drying 
conditn Engineering research in dairy hous 
production has much 

Ti ittle feeding, for example 
reveal an extreme! the practices with one 
ind w ers of ils: at tl 


et a ton of teed gr nd and ready to take to his cattle, while 
inother got the same work done with 109 ft of travel. In fee 


distribution, a high mark of 11,400 ft of travel for each t 


was recorded to get gr id feed fr bin to bunk, contraste 
with 273 ft in the most effective plan studied. Mar varied 
from a high of 47 min to a low of 15 min to the ton for prepa 
ration, and from 37 min down to 10 min tor distribution of 


teed to the animals 
Other records have been obtained that show a wide ditter 


poultry feeding and for dairying. Wallace Ashby has calculated 
the farm labor load in and around the buildings at something 


ence between high and low work requirements for hog and 


over seven billion hours year. great many midwest 
farms, the dairy and livestock programs build up this labor 
load to two-thirds or more of the total labor requirements for 
the farm. 

Automatic feed handling, grinding, and conveying big 
step the direction labor Beyond this the build 
ings must designed for installation and use the equip 
ment. The grouping the buildings the farmstead 
the amount of time and travel and the type of equipment that 
can be used 

Building space must be planned with a view to flow lines 
and distances, as well as to economy and suitable installations 
equipment. broad sense, farm buildings must vita 
lized with electric service, mechanisms, and functional design 
they are serve needs. The following conclusions 
stand out in any summary of this problem of mechanization 


matter how good individual structure, unit, 
device may be, becomes significant the farmer only 
made part the operating program for the farm 


mechanization. We must have the coordinated etfort of men 
structures, electrification, machinery and production; public 
service research and extension services as well as industry are 
also concerned; and they must work together from the time the 
research started until the results are acceptable the farmer 


4 Far more effective work can be done by means of co 
operative research with enough funds and men permit con 
tinuous and intensive work than is possible with fragmentary 
individual, or part-time projects 


The problem goes beyond feed grinding and 
handling, for must gather and store his feed supply, condi 
against loss spoilage, process and distribute feed 


his paper was presented at the winter meeting of the Amer if 
f Agricultural Er 
contnbution of the Rural 

The at 


ltural en 


ngineers at Chicago, Ill., December, 1951, as a 
Electric Division 


Deane G. Carter, professor of tarn 
neering department, University of Elinor, Urt 


his animals, and clear away the manure. We shall not be 
through with research until the entire sequence of operations ts 
powered, mechanized, and made as nearly automatic as it 1s 
practical to do 


Recommendations can be brieted into tive items 


1 Expand on a research program to solve the remaining 
problems of mechanizing tarm production 
Depend on research to develop each needed machine, 
part, or entire assembly so that manufacturers can produce 
the im quantit 
2s rt the of far structures, both on-site 
ind manufactured with research in time tion 
energy, and arrang ent, so as to get the st effective sett 
tor echanizat 
Insist on inter-relati between industr ind publ Sery 
ce research facture, sales, and application so that the 
talents and experiences of th can be utilized 
( sider the poss ties tor a Cooperative re nal re 
search progra ider the terms of the Research and Market 
{ Act as a means tor rdination and additional suy 
port 1 to ke use « ties of people without 
regard to their athliations 
and Amount Irrigation 
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Performance Castor Bean Hulling Plants 


Memurrs 


MPORTS of castor beans tor milling purposes ranged from 


196 to 490 million pounds annually for 1937 to 1948 


inclusive, with an average of 287 mullion pounds per year 


for the 10-year period 


bttorts are bemp made to 


grow the crop in the United 
States large scale adequate supply castor 
Con 
the PMA castor bean production 
ent program tor the planting of 84,000 acres in 
and The pro 
plates the planting of 200,000 acres 


onl for the 


tracts 


thtary and civilian needs of this country 
made through 
and procuren 
1951, in Oklahoma, 
gram tor 1952 conter 


were 
largely 


The crop in foreyzn countnes ts produced and harvested 
ethods 


mainly by hand n Mechanization in production, har 
vesting, and processing will be necessary tor economical pro 
duction in this country 

The purpose of the hulling plants is to remove and sepa 
rate the hulls and trash from the beans without injury to the 


seed This ts an important operation. Beans which are cracked 


ind broken lose oil and gradually become rancid. Trash, hulls, 
ind broken or cracked beans lower the quality of castor oil 
produced 


Location and Hulling Plants. the 
1951 season PMA operated plants or leased equipment for 
hulling castor beans at tive locations in Oklahoma and Texas 
In addition, portable hulling equipment was used at one loca 
All these plants were operated for the 

ne on the L991 crop. The equipment was new, but the build 
were ino most cases orginally 
purpose or were rebu 


intended tor some 
it for bulling-plant use 


other 
The plants are 
normally centrally located in the castor-bean-growing area on 
ratlroad siding in a town 
Plants owned and operated by a commercial firm were in 
six locations of Oklahoma and Texas. Four of the six plants 
began operations in 195L and two had been used prior to that 
time. Field bulling with portable machines ts the general 
presented at the ann American 
nameers at Kansas Cit $2, as 
and Machinery Div 


leber, fuult er 
M H A or ricultural engineer 
BPISAB), US 


armecr, «live 


practice and the beans are handled grain 
elevators country points prior shipping oil mills 

The PMA and commercial plants used the same type 
equipment and were based largely experience gained 

There are two general types plants Oklahoma 
and Texas: (1) quonset-type buildings for housing the hulling 
machinery and the storage hulled beans, with outside 
bin for hulls, and (2) structures, either wood 
metal, of sufficient size to shelter the hulling machinery, with 
outside metal bins for storage hulled beans. Table shows 
general the type buildings and equipment the Okla 
homa and Texas plants 

The majority the installations with two hullers were 
designed for capacities which ranged from 2000 6000 
hulled beans per hour and are intended for hulling about 5000 
acres beans per hulling season with the larger units 


Hulling-plant equipment consists essentially one two 
hulling units and blowers, weigh scales with bin-conveying 
equipment, and electric motor drive. The huller contains disks 
which are either diameter, rubber-faced with 
portion cut out near the center. These disks operate with the 
axis rotation horizontal position with one disk mounted 
rigidly. The blowers are used blow the loose hulls and 
trash from the beans into bin. The weighing scales are 
either the automatic-weighing manual-operated type 
Pneumatic-conveying equipment used almost 
moving the unhulled beans received the plant the hullers 
and for conveying the hulled beans from the weigh scales 
storage freight cars. Cup canvas-bottom conveyors are 

generally used move beans from the huller 
the weighing bin. Electric motors used drive 
the equipment in the hulling plant ranged from 
fractional with total rated capacity 
this equipment the two hulling 
units required from 20 to 25 hp, the pneumatic 
conveying system usually 1S hp, and the cup or 
canvas conveyors only fractional horsepower elec 
tric motors 


Present Methods The plants are 
designed receive unhulled beans from the farm 
The unhulled beans are brought the hulling 
center vehicles various types and sizes. Few 
have endgates provision for dumping 

hulling plant 

The unhulled beans are moved by a pneumatic 
system from the load the They 
are then separated from the air stream by means 
vacuum unloading wheel. The beans then 
pass through hullers and 
aspirating chamber where the hulls and light trash 
are pulled off and blown into an outside bin for 
disposal. The hulls are either hauled back the 
disposed other ways. The hulled 
beans drop onto conveyor, normally 
continuous-cup type, and are elevated weight 


castor bean 


di 
iz 
ae suction — 
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Diagram of castor-bean-hulling equipment 
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4 
2 


AGRICULTURAL ENGINEERING for November 


1952 


and the weight recorded. The beans are then ted 
gravity from the weight bin into the same pneu 
matic system used for unloading gravity the 
intake separate pneumatic loader and blown 
Storage 
composite sample beans taken from the hul 
lers during the hulling operations for each load 
The sample reduced dividing 300 for analysis 
tor cracked and broken beans, material 
and unhulled beans and used basis tor 
calculation and payment beans the farmer 
The operation the plant requires one person the 
crew for operating the suction unloading the load 
beans. second required operate the machinery, 
and third analyze the samples. addition, there 
jobs where needed besides performing his regular duties 
Some plants late the season when only few beans are 
received operate skeleton crew one two men 
such cases the truck driver upon unload 


the beans 


Test Results and Observations Cracked 
broken beans and foreign material including hulls are 
considered objectionable the production castor 
material and hulls contain but absorb during the 
milling process, and thereby reduce the yield and impart 
objectionable dark color to the oil. Cracked and broken beans 
lose collect dust, and time become rancid. For these 
reasons, the amount cracked and broken beans, the foreign 
material, amount unhulled beans and the content 
were used basis efficiency the hulling operations 
Table shows the analysis samples obtained during normal 
hulling operations and indicates general way the quality 
the beans for the operations for the 1951 crop 


The hullers were designed hull mature dry beans. The 
the crops Oklahoma and Texas during 1951 
was picked hand when the beans were dry below per 
cent moisture. possible that when mechanical harvesters 
are more widely used moisture will more 
The hulls are highly hygroscopic. Light precipitation, dense 
high humidity will cause the hulls absorb large amounts 
moisture. Attempting to hull the beans when damp will result 
low hulling rate with high rate cracked, broken, and 
unhulled beans 

Since the hulling plants were not designed to recirculate 
the unhulled beans for rehulling, adjustments of the machines 
were made obtain balance between number cracked and 
broken and unhulled beans. the operator tinds too many 
unhulled beans he will adjust the disks with less clearance 
This will hull more beans but the number cracked and 
broken beans will larger. analysis samples taken 
trom storage showed per cent the beans storage 
were unhulled. per cent hulling-yield basis (which 
considered high hulling yield) the per cent foreign material 
due unhulled beans amounted 1.5 per cent. The 
yield probably would be more nearly 60 per cent indicating a 
foreign material content 1.6 2.4 per cent due hulls 
unhulled beans. Foreign material from hulls good beans 
plus the free foreign material content per cent would 
total perhaps 3.6 5.4 per cent 

The pneumatic system for all practical purposes was found 
damage negligible number beans conveying the 
hulled beans from the load the huller, except when 
the beans were carried the huller too fast and backed 
into the pneumatic rotary such cases few would 
hulled and broken. 

Cracked and broken beans resulting from hulling varied 
widely different loads and some extent sam 
ples from the same load. one test cracked and broken beans 
trom samples obtained from the same load after hulling 
ranged from 1.9 to 8.9 per cent with an average of 4.5 per cent 
general, the 36-in disk hulling machines damaged aver 
age of about 5 per cent of the beans 

No measurable damage occurred to the beans in conveying 
continuous-cup conveyor from hullers scales and 
weighing 
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Some damage occurred getting the beans back into the 
pneumatic system beneath the scales with rotary feeder and 
blowing them through 100 6-in metal pipe 
storage. one test samples the same lot beans which 
showed 4.6 per cent cracked and broken from the huller, and 
per cent cracked and broken discharged from the pipe 
storage after passing through 100 6-in metal pipe that 
had one 90-deg This test beans from one load showed 
per cent cracked and broken the 1.5 per cent 
the feeder beneath the scales, and per cent 
the pipe 

another test, about one bushel cleaned beans that 
contained 1.5 per cent cracked and broken and unhulled 
heans when passed through the rotary feeder beneath the scales 
broke 1.8 per cent. Some the same beans passing through 
the rotary feeder beneath the scales and blown into storage 
through 6-in metal pipe with two 90-deg turns showed 
the piping system cracked and broke 10.8 per cent the beans 
The high damage the piping systems the second test was 
perhaps due two rather short-radius 90-deg turns for which 
metal pipe was used. While the length pipe was 
over twice as great in the first test than in the second, only 
one slow-turn elbow flexible pipe was used 

one plant where beans were moved through about 
pipe with one flexible section allowing the end the 
pointed upward about deg, the rotary feeder and 


line damage was less than the previous examples. While no 


samples were taken from beneath the feeder, the combined 
feeder and pipe damage was only 4.0 per cent. Straight runs 
smooth interior pipe probably would damage few beans. some 
might occur due impact the beans against the 
floor or side walls of bins or against beans in storage. The 
beans have velocity perhaps 1,500 2,000 fpm when dis 
charged the end the pipe 

Attempts were made one plant reduce line damage 
reducing air velocity 


Pitot-tube readings showed 
velocity 5,500 fpm with beans the Beans caught 
net the end the line normal operations one 
load showed 9.0 per cent cracked and broken beans. Samples 
from small lot beans from the same load moved through 
the pipe with air velocity 4,400 showed 7.4 per cent 
cracked and broken decrease 1.6 per cent. When the 
air velocity was increased the original 5,500 fpm, the per 
centage cracked and broken beans the sample increased 
10.0 per cent which was one per cent higher than the 
original sample. While the test indicated that air velocity may 
influence damage the beans, there not much margin 
work The pipe later clogged air velocity 

Tests showed significant differences germination 
tween beans from the load and from the storage bin tollowing 
hulling operations when using beans not visibly cracked or 
broken. Rough treatment blowing the beans storage 
apparently had immediate detrimental effect germina 
tion. Table shows the amount unhulled beans from the 
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was 


per cent Unhulled beans that passed 
luring the first hulling operations were 
about per cent, even though 
ide to the machine. This shows 


recirculate the unhulled beans would 


ti 


The machine could adjusted for 
cracked and broken beans and the un 
recirculated for hulling 

n should be exercised to keep the 

to the dust and most people around 

have the disc fort of an irritable 
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ed ¢ inection with mechanical 
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which will not pass between the hu 
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for keey the screens clean may be 
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le on the hulling plants in order te 
tticrency and performance. The sche 
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vertical lines machinery consist vacuum feed box, 
scalping screen, surge bin, hullers, cleaner, 
weighing gin, and (g) platform scales. The approximate 
space provided for the hulling equipment and office are 
8x 8 ft for each line of machinery; 5 x 4 ft for each elevator; 
8x 16 ft for the office and grading room. The vertical dis- 
tances required for the hulling equipment shown the 
diagram are and for the lines machinery and 
tor the elevator which inside the building 

chain-type, continuous bucket with positive discharge 
used for vertical conveying the beans keep 
Approximately 25-ft lift 
required for conveying the beans from the bottom the 
line one to the top of the machines in line two 
Return equipment unhulled beans, not indicated the 
drawing, should provided from the cleaner the huller 

Approximately lift required for conveying the 
hulled beans from the bulling 
All horizontal conveying 
y with a belt-type conveyor 
vided from the hopper-botton 

bucket elevator 

from one bin to another 

When 


elevate 


echanical injury to a minimum 


chines in 


equipment to the storage bins 

done 
Conveyors should pro 


of beans can be satisfac 


storage bins to the inlet boot of 
itside for loading box cars or shifting 


than two storage bins are desired the bucket 
uw for filling storage bins should be c 
This will provide sufficient slope 


the the top the storage bins 


nstructed between 
the bins shown Fig. 
t the spout tror 
for satisfactory movement of beans 
tom for unloading and shoul 
beans to fill one large box car. The bins shown tn the draw 
The hulling plant should be located at a railroad siding 
with the track extending alongside the storage bins and build 
shown Space should provided for the 
unloading wagons and bins for hulls on the side of the build 
ing either opposite the railroad tracks or storage bins 
Another arrangement the (Continued 


icted 


with a hopper bot 


constr 


iny are 


ae 
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through the machine « 
change of adjustment 
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Production and Uses Castor Beans 
Donald Van Horn 


ASTOR beans are the seeds the castor bean plant, 
sometimes known the mole bean castor plant. The 

family with scientific name communis. not 
legume the name suggests and has soil conserving soil 
improving properties 

The castor bean plant grows wild most the tropical 
and subtropical areas the world and under such conditions 
behaves perennial. Under these conditions may grow 
grown for commercial production the United States, the 
trom one twenty thirty spikes racemes which the 
seed are borne three parted capsules. Castor beans are 
known most people the United States ornamental 
plant grown for shade chicken yards and 
around farm buildings. The plant grown commercially for 
its seeds which contain about per cent oil. 

The medicinal use castor oil which always upper 
most the mind persons not familiar with the crop 
relatively minor. The oil actually used mainly the raw 
material the manufacture many materials needed for 
civilian and military uses, including many products every 
day use. Important military uses are for the lubrication jet 
airplane engines, all-purpose greases, hydraulic and gun recoil 
fluids, low-temperature waterproof coatings and plastic coat 
ings for electrical equipment. also used plasticizer 
the manufacture fabrics and explosives. Other uses are 
the manufacture of artificial leather, soap, cosmetics, printing 
ink and special low-temperature lubricants and flexible coat- 
ings. The largest single consumer the protective-coating 
industry which, after dehydration, castor oil used 
quick-drying base for paints, lacquers and varnishes. Many 
non-yellowing enamels are based dehydrated castor oil 
Castor oil the chief raw material for the production 
sebacic acid which the basic ingredient the synthesis 
nylon plastic. This nylon-type plastic used for brush bristles 
and for jacketing wire used the military. 


older use sebacic acid intermediate the 
preparation monomeric esters which are useful plasti- 
important the production other plastic prod 
ucts because makes the material moldable lower tempera 
tures and later keeps them from becoming hard brittle 
Sebacic acid poly-esters are valuable steam-sealing and 
caulking compounds used prevent leaks aircraft gasoline 
tanks because their high gasoline resistance 

The crushed cake remaining after the oil pressed from 
the seed known castor pomace. While high protein, 
not usable for livestock feed because the poisonous constitu 
ent the castor bean, called ricin, remains the pomace 
during the crushing process. Although possible detoxify 
the pomace, the cost bio-assaying each batch sure 
non-toxic prevents use the process present. All the 
castor pomace resulting from crushing operations the United 
States used organic fertilizer. 

Castor beans, eaten, are poisonous people and live- 
stock. Care should taken that children not eat the attrac- 
tive seeds and that seeds are not mixed with human food 
grain fed livestock. Because the property 
castor beans, the seed should not stored with livestock 
human food, processed with the same machinery, the 
same premises with other oils for food. Anyone offering such 
contaminated products for sale subject the penalties 
the Federal Food, Drug and Cosmetic Act and certain 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Kansas City, Mo., June, 1952, as a 
contribution of the Power and Machinery Division 


The a thor Donaip L. VAN Horn, agronomist, Bureau of Plan 
Industry, Soils and Agricultural Engineering, U.S. Department of Agri 
ulture, and the Oklahoma Agricultural Experiment Statior 


regulatory acts enforced most states. The pomace also 
allergenic and has been shown the cause cases 
asthma persons exposed breathing the dust from solvent 
extracted castor 


From 1870 about 1910, castor beans were grown com- 
mercially several the midwestern states, particularly 
southeastern Kansas. The maximum annual production this 
area before the beginning this century was about million 
pounds beans. Production had virtually ceased 1910, 
probably due continued low returns the grower. This 
have been due low price rather than extremely 
low yields. The decline production the midwest was 
accompanied shift the location castor oil mills from 
the central states the Atlantic seaboard. With this shift 
came the use imported beans. 

During World War the Bureau Aircraft Production 
the War Department undertook domestic castor bean 
program procure adequate supplies castor oil 
for airplane engines. This production attempt got started late 
and interest the project ceased with the end the war. 
spite lack and lack adapted seed, some 
million pounds beans were produced 1918 

During World War another attempt was made pro 
mote castor bean production the United States. Some three 
million pounds seed were produced 1943, after which 
production was discontinued. However, during this period 
interest, adapted strains were selected and considerable 
mation was obtained areas adaptation, soil and fertility 
requirements and production methods 

Interest domestic production castor beans was 
sumed 1947 when commercial castor bean crushing com 
pany set up its own agronomic ¢ division to attem pt tod levelop 
castor bean production the United States sound peace- 
time basis. The Department Agriculture has worked with 
this company and with any other interested party attempt 
ing establish economic production the United States. 
1950 this effort had led planting about 7,000 acres 
mainly for the increasing improved varieties seed. This 
supply seed adapted varieties was used plant some 
75,000 acres castor beans 1951. About 100,000 acres are 
being grown the southern great plains and the irrigated 
valleys California and Arizona 1952 

Annual requirements castor oil the United States con 
sume about 250 300 million pounds beans. the last 
two years, imports castor beans have declined with the 
corresponding increase in the importation of oi! from Brazil 
view the desirability having domestic source this 
strategically important material, the federal 
promoting castor bean production through the Production and 
Marketing Administration. This program being carried 
furnishing support price ten cents per pound for castor 
beans grown under contract with the PMA with companies 
acting under contract with the PMA. also given 
making harvesting and hulling equipment available through 
this program. Another important feature the 
program to get castor beans produced in this country lies in 
the distribution adapted planting seed areas which 
search has shown have good chance producing castor 
beans economically 

Castor beans are being produced this year Oklahoma 
and Texas with little registered and certified seed production 
the Arkansas River valley Arkansas. This production 
mainly dry land but some irrigated production being done 
the High Plains Texas. 1951 there were about 25,000 
acres castor beans produced under irrigation the valleys 
California and This production has been greatly 
1952 due losses the seed before harvest 

caused partly loss ules from the plants during severe 
wind storms and partly due difficulties with harvesting 
equipment. The problem with volunteer castor beans vege 
table land following last severe loss seed from the 
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big factor reducing this acreage. Varieties 
mn very much less shattering, in fact, no shat 
same conditions where losses occurred last 


ng increased and it is hoped that these varie- 
ties will revive interest in the irrigated valleys in the Southwest 
This crop seems to fit best in the marginal area between 


and cotton, that south the area where corn the 


most prominent crop and in the northern part of the cotton 
producing ea This area might be thought of roughly as the 
area extending one of two hundred miles on each side of the 


Red River and including the High 


ins of Texas. In this 


fea castor beans as a crop can Compete with corn, peanuts 
of grain sorghum and can even compete with cotton tf the 
grower gives as wont care and uses as good land for castor 


beans as he does for his cotton crop. Instances of lower returns 
fr castor beans than trom cotton are usually traceable to 
the fact that the grower planted and cared for his cotton first 
and put castor beans the “back where did not 
expect produce protitable any crop 

The plant requires, under dry-land 150 180 
1ys between the planting date and the first heavy frost in the 
fall. Production of maximum yields under irrigated conditions 
in Calitorma and Arizona requires a tull growing season of 
about 0 days. A summer crop, however, is sometimes pro 
wed with somewhat lower yields in about 150 days, pl inting 
heing in the middle of the summer and harvest being delayed 
until atter the Being tropical origin, the crop tends 


to do best in an area where the temperatures remain fairly 


high during the entire growing season. The plants, however, 


iy suffer from extremely high temperatures tf accompanied 

by high winds as blasting of the flowers occurs following any 

severe wilting conditions At least 15 to 201in of summer 

rainfall are required for satistactory yields under dry land 
hie 


rons and ramtall as low as this must be well distributed 
Under irigation, 3 to 315 acre-feet of water applied at the 
proper time during the growing season will produce a good 
yield, the amount needed varying somewhat with local con 
Although the castor bean crop will give response 


on many ditferent soil types, best yields are obtained only on 
soils that have good drain: no compact or impervious layers 
or clay pans, ability to warm up early in the spring, and good 


nsture Storage Capacity 


AREAS OF ADAPTATION FOR CASTOR BEANS LIMITED 


Present varieties are not grown in the Atlantic or Gult 
Coast states because of damage trom a destructive disease 


called gray mold, which attacks the flowering spikes and may 


lestroy the entire crop; furthermore, when the crop is grown 


inywhere im the subhumid area of the eastern states, the 
pedicels that attach the capsules to the spike stem are so 
severely attacked by various tung: of the Alternaria species 


that the pedicels often break and thus cause severe loss from 
fropping. For these reasons, the areas of adaptation for castor 
eans do not at present include either the Atlantic or Gulf 
Coast regions or any other states east of the Mississippi River 

Castor bean varieties are classitied tall, which are grown 


inder dry land conditions; intermediate, which may be grown 
wider both der 


yland or urtgated conditions; and short or semi 
dwart types, which are grown under irmgation in the Texas 
High Plains and in and Arizor 


1a. Examples of these 
t 


ypes are respectively, Conner, Cimarron and Baker 1. The 
differences in plant 


ype ese various varieties, together 
with the varying b 


« any one variety under different 


soil and climatic conditions, are the main reasons for the need 


for further research on harvesting machinery which will be 


described here. Under typical dry-land conditions the Conner 


variety will pr ce trom one to tive spikes, the first being 
2 to 4ft trom the ground, and later ones often being 7 or 8 ft 
high it momsture and tertility conditions are good. The first 
sptke is the largest, and iv well bear halt the yield of a 
single plant. It ts centrally located, while later spikes, borne 


on succeeding branches, wall sy 


ad out trom the central axis 
always being above the first spike. As the plant form tends to 


tively easy, except that considerable seed may be lost if the 
! 


« 


plant is jarred or shaken betore completely enclosed by 


AGRICULTURAL ENGINEERING for November 195. 


the harvester. Some shattering may occur the first spikes 
mature too long before frost permits mechanical harvesting 

The Cimarron plant more desirable from the standpoint 
yield and resistance seed losses, but often more difh- 
cult harvest because the first spike closer the ground 
and always more less protected two three branches 
which originate below the first spike and grow around it. 
These branches, which may rebranch several times, also bear 
and the resulting bushy plant requires wider opening 
the front harvester. After frost, which necessary for 
cheap defoliation, the branches soon become brittle, and 
tempts forcing the plant into small opening result loss 
seed 

The semidwarf types, of which the Baker strains and sev 
eral the latest USDA strains are typical, present the same 
problems does Cimarron greater degree. They start 
very close the ground, often low 6in, and 
branch and rebranch profusely. The seed fairly easily re- 
moved the plant can cut off and put through combine 
cylinder, but many leaves remain harvest, the central 
spikes are badly protected from the action beater mechan 
isms. The proximity the first spikes the ground 
viously d problem 


Production hybrid castor beans now being investigated 
may possible combine high yield with more desirable 
plant type the hybrids, female inbreds now available have 
good stalk strength, spike size and desirable plant height 


Castor Bean Hulling Plants 


14 
Continued 


hulling equipment could such that only one vertical line 
machinery total height the hulling machinery 
would approximately ft. This would require heavier and 
more rigid supports with head house built around the 
equipment 

The method and equipment for unloading unhulled 
beans from wagons machinery satisfactory the 
present time and should used all plants. very 
method for unloading from all types and 
wagons and requires only few minutes. The handling and 
disposal hulls from beans and dust from equipment should 
done the regular manner the present time. Adequate 
equipment should installed prevent excess dust from 


entering the room order protect the health workers 


Research Laboratory and shop work 
existing huller and developing new ones might open 
several possible leads for improving machines 
castor beans. However, judging from observation 
made during the 1951 season, attention might first given 
the following line attack 

and testing full-size hulling plant out 
lined Fig. 


Tests performance disk-type hullers with respect 
18, and disks, (4) disk surfaces, 
angle of disk, horizontal to vertical, (d) disk speed, (e) rela 
tive hulling surtace area, (f) cleaning mechanism, and (g) 

Testing and the selection development 
elevating and conveying equipment for hulling-plant use 

+ Equipment for picking up beans from floor of quonset 
and other structures where stored ground levels 

Drying beans received from farm. (a) Determine 
the fundamental involved and requirements for drying 
unhulled castor beans. (4) Develop suitable equipment 
large capacity for drying castor beans hulling 
plants for operation beans are received during harvest. 

Processing requirements include handling, sampling 
and drying for storage of unhulled beans at central plant prior 
hulling later date. 

Removal green immature unhulled beans. 

Etfect handling operations germination. 

Development equipment for removal trash, rocks 
and other foreign material from mechanically harvested beans. 

Adopt equipment for cleaning and treating seed stock 


ler 
plants has been a 
which have show 
tering under the 
> 
Se 
j 
| 
1 
| 
| 
4 
| 
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Experimental Castor Bean Huller 


AsSOCIATS ASAE 


THE processing castor beans, the castor bean huller 
plays important part. The purpose the huller 
remove and separate the hulls and trash from the beans 

without appreciable damage the seed. important that 
this operation done completely and efficiently pos 
sible. Beans which are cracked lose oil and gradually become 
rancid. Trash, hulls, and cracked beans reduce the quality 
the castor oil produced. Foreign materials and hulls contain 
They actually absorb oil during the extraction process. 
The presence this extraneous material reduces the oil yield 
and imparts objectionable dark color the 

1942, Arnold and Sharp (1)* developed 
vertical disk-type huller the University Tennessee. The 
machine consisted two rubber disks, one stationary and the 
other rotating approximately rpm. The rubber used 
the disk faces was soft, abrasion-resistant sheet 
rubber with specific gravity 1.15. The disks were spaced 
about 1% in apart. This spacing allowed the beans to fit end 
wise between them without being crushed. cleaning duct 
connected suction fan was provided remove the clean 
ings. This 6-in machine hulled per cent the beans 
without appreciable cracking. The capacity was about 
per hr. The capacity was found proportional the area 
the disks. Later 1942 huller was constructed with 12-in 
diameter rubber-faced disks and vacuum-type Rotat 
beans per hour with over per cent hulled 

1942 Clay (3) built castor bean The 
threshing device consisted 10-ply truck tire slightly 
inflated and rotating inside, approximately 
one-fifth 9.00 36-in tractor tire casing. The bead the 
larger tire section was cut off and the remaining 
mounted wooden frame. air blast was used separate 
the hulls from the beans. The capacity this hulling element 
was over and with proper adjustment about 
per cent the beans were hulled. 

1943 Arnold (2) designed improved castor 
bean huller similar the ones built 1942. This machine had 
24-in-diameter rubber-faced hulling disks, and hourly 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Kansas City, Mo., June, 1952, as a 
ontribution of the Power and Machinery Division 

The authors: J. G. Porterririp and F. J. respectively, 
associate agricultural engineer, Oklahoma Agricultural Experiment Sta 


tion, and former graduate student in agricultural engineering, Oklahoma 
A & M. College 


*Numbers in parentheses reter to the appended reterences 


Orum Feeder 


Housing 


Adjustable 

Oamper 
Socking 


Beans 


pacity 900 1400 shelled beans per hour. Because 
its capacity was known the commercial size. suction 
fan was employed remove the hulls and trash from the clean 
beans. Under ordinary conditions the machine hulled from 
per cent the beans and those cracked were less than 
2 per cent 

Texas during 1941, Gordon (4) tried out several 
types hullers. One huller consisted 
zontal cylinder 12 in in diameter and studded with steel spikes, 
diameter and long. This cylinder rotated between 
feeding hopper and curved metal grate about 250 rpm. 
The was separated from the beans the use screen 
and air blast. This huller worked satisfactorily with some 
varieties castor beans. However, excessive breakage occurred 
with the Conners variety 

Another huller that was tried consisted inverted 
conical rotor, mounted vertically and covered with rubber 
matting. The rotor turned inside funnel-shaped housing lined 
with a smooth rubberized fabric underlain with a coating of 
sponge rubber. cleaning device was provided for this 
experimental unit. Rotor speeds ranging from 125 150 rpm 
cracked less than per cent and hulled about per cent. The 
capacity this unit was considered low 

Gordon (4) built small huller the double-belt 
type which two belts traveled parallel each other and 
the same direction. The top belt traveled per cent slower 
than the bottom belt whose surface speed was computed 
1200 fpm. The abrasive action the belt surfaces traveling 
different speeds removed the hulls from the beans, and tests 
showed that about per cent were hulled and per cent were 
cracked. The belt-type huller had capacity 650 700 
hulled beans per hour per foot belt width. 

Gordon (4) also investigated the possibility using 
small combine with cylinder covered with heavy rubber 
matting. The cylinder was rotated about 
results showed that per cent more beans were hulled 
and per cent were cracked; however, the Conners variety 
was badly damaged the cylinder action. The machine had 
capacity 2,400 per hr. 


small huller was built Gordon (4) the winter 


1942. The hulling element consisted rubber-covered cylin- 


der diameter and long and rubber-covered con- 
cave. The results showed that the Conners and Kentucky 
varieties had less than per cent cracked; however, the capac- 
ity was low. paddle-wheel-type fan and rotary screens were 


Fig. 2 Classes of products recovered from the hulling and cleaning units 


Out 1) clean whole beans, (2) cracked and broken beans; (4) unhulled 
segments, (4) foreign material, hulls, sticks, light beans; (5) oil-bearing 


Fig. 1 Schematic diagram of the experimental castor bean huller material carried out with hulls, and (6) hulls, chaff, light keans and trash 
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used for Cleaning and separation 
This machine, using the cylinder-concave principle, was 
enlarged and became known as the “USDA Castor Bean 
Huller The hulling unit consisted wooden cylinder 
diameter and long with concave facing covered with 
ibber matting having a durometer reading 
0 ye} aration and cle aning were accon plished by a vibrat 
screen and suction-type fan. The vibrating screen was 
1 with a reciprocating wiping device to prevent clog 
in separation of unhulled from hulled beans 


unes were built during the 14 hulling season 


abrasion resistant 


aid 


This huller was later improved by 

Tillage Machinery Laboratory at Aut Ala. Simpl 
of this resulted in an improved huller with a 
of between 1,600 and 1,850 Ib per hr and under nor 


cracked 


development work at the 
urn, 
unit 


miditions the beans were less than 2 per cent and 


P. Beasley (5 
1942 


and 


) worked on castor bean 
Their most satistactory buller 
10in long, covered with 
was also rubber covered. The 
was set to knock the capsules from 
The capsules were then brought to the hulling cylin 
After hulling, 


ilar cor 


Concave 
concave 
ine cylinder 


y the tailings elevator 


the beans and hulls 


separated by the reg ibine screens and the beans 


» the grain tank 


EXPERIMENTAL CASTOR BEAN HULLER 


ly was made of previous castor bean hullers, it 

d that no work had been recorded on a castor 

with a honzontal disk. From 
it was believed that there 


bean 
analysis of the 
were certain merits to the 


ontal disk-type buller that would make it desirable. With 


close 


the experimental huller described in this paper 


lesizned and built with the cooperation of engineers and 

gram of this huller ts shown in Fig. 1. The complete 

unit Consists essentially of a hopper and an elevator unit with 
separate drive, rotary-drum feeder, hulling 
rubber-faced 
and a cleaning unit made up 
a separate engine. Any one of 
units can be adjusted independently, thereby making it 
possible to adapt the huller to various conditions to get max 


nt consisting of two 


lisks driven by wir 
aisks driven by 1 SC} arate engine 
of a suction fan powered by 


these 


imum ettectiveness and etticency 


The engine on the huller was rated at 4.4 hp 
clement 


The huller 
two adjacent rubber-faced disks. One of 
the disks ts stationary and one The rotary disk 1s 
the end vertical shaft driven the 
The rotary disk has an outside diameter of 181n and 
with one-inch thickness of soft, 
rubber with a durometer hardness varying with the test 


consists of 
rotates 
ittached 
enyine 


faced 


(All 


Cepoc ty 


Fie 4 The effect ot t apacity 
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durometer hardnesses are based company specifications and 
not actual tests the time the rotary disk used.) The 
rubber steel plate with rubber cement. 
The hulling surface the rotary disk lies between 14-in 
diameter and outside diameter 18in. consists 
area about The rubber-disk facing the rotary 
disk provided with one-inch bevel the center opening. 
The inner edge the bevel protected from being torn loose 
1/16-in steel plate fastened the plate machine 
screws. This bevel essential break the whole capsule 
into single segments small enough enter the hulling space, 
guide the beans between the disks, and increase the 
capacity the machine. Caretul consideration was given 
selecting the bevel since too much bevel would overload the 
disk, increase the amount cracked seed, and 
objects between the disks 

The fixed disk attached the lower side the top plate 
the huller housing. The fixed disk has outside diameter 
durometer hardness varying with the particular test. The 
rubber is cemented to the !,-1n steel plate which is fastened 
four bolts the top the huller housing. bevel 
provided the fixed-disk rubber facing. sheet metal back 
fastened around the inside and outside diameters the tixed- 
disk housing prevent the material from wedging and passing 
between the huller housing and the fixed disk 

The spacing between the disks 1s adjusted by moving the 
rotary disk and vertical shaft assembly means small 
threaded hand wheel the front the Turning the 
threaded hand wheel slides the assembly down four 
supporting bolts. Once the spacing set remains fixed since 
provision was made this machine prevent damage 
the disk whenever large object entered the disk. 

Alignment the disks provided the fixed disk 
means four adjustable screws equally spaced square 
centered the main diameter the fixed disk. The screws 
may raised lowered turning them inside the four nuts 
welded the top plate. raising lowering the screws and 
tightening the four bolts fastened the fixed disks, the proper 
disk alignment attained 

The rotary-drum feeder wooden roller diameter. 
The teeder and its housing are fastened over the central open- 
ing the top plate. Its primary function facilitate 
feed the beans the huller disk. The rotation the 
moving disk automatically feeds the beans onto the hulling 
surfaces, breaking the capsules, removing the hulls and dis- 
charging the hulls and beans the periphery. The feeding 
the beans centrally between the disks causes the layers 
spread out the beans move outward, thus reducing the 
chances wedging 

The cleaning unit uses centrifugal fan. driven 


2-hp motor. The fan diameter and connected with 


Experimental Muller 
Speed RPM 
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Fig 4 The effect of huller disk spacing on broken and unhulled beans 
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suction pipe the housing. The suction line con 
nected the cleaning duct, which has cross section 
3in The cleaning duct equipped with 
adjustable damper the upper end furnish restriction 
the air inlet, yet permit sound, whole beans drop through 
the throat area against upward air stream and then into 
the sack. The damper permits varying the cross-sectional area 
from zero width. Additional air inlet provided 
screened area 4in 20in which may adjusted 
four shutters, each one inch by 20 inches, so that an additional 
air velocity available carry the hulls. closing one 
these shutters, increase fan speed may not 
quired, The mixture hulls, beans, and unhulled beans slides 
down short incline from the hulling disk the cleaning 
duct. The hulls, dust and light, undeveloped beans are carried 
with the air through the fan, which discharges them the 
outside. The clean, whole beans drop through the throat area 
and are sacked the discharge spout. This spout equipped 
with two-way valve facilitate sacking operations 

Fig. shows several distinct classes products sampled 
from the hulling and cleaning units 


PERFORMANCE AND 

Speed. The speed the rotating disk the 
huller was varied from approximately 180 650rpm. The 
results these tests, shown Fig. indicate that the 
speed increases, the capacity increases throughout the entire 
range tested. the speed increases the percentage unhulled 
segments and the percentage cracked beans increases. Fig. 
shows the influence speed these factors. actual oper 
ation, desirable have the maximum capacity the 
huller. the speed increased the point maximum 
capacity, the percentages unhulled beans and cracked beans 
will higher than could tolerated. the basis tests 
with the experimental machine, appears that with this type 
machine there must compromise between maximum 
capacity and minimum breakage and unhulled beans 


Spacing. Since all the tests that were run this experi 
mental machine were with one variety beans the 
results may not another variety. general, 
the effect spacing evident when the data are studied. 
would expected, there some spacing below which the 
performance the huller unsatisfactory. the basis the 
results shown Fig. appears that between 20/64 and 
21/64-in clearance between the disks provides the optimum 
compromise far capacity, cracked and unhulled beans 
are concerned. the spacing increases the number cracked 
beans decreases, but the number unhulled beans increases 
rapidly. may that the spacing should increased 
23/64 24/64in and provision made for recirculating the 
unhulled beans that pass through the disks. This might in- 
crease the capacity the huller without its eth- 
ciency. Below the spacing 20/64 the capacity 
drops rapidly and the number cracked beans increases; how 
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Fig. 5 The effect of huller disk speed on broken and unhulled beans 


1s 


ever, the number unhulled beans decreases rapidly the 
spacing drops below optimum 


Rubber Hardness. All rubber hardnesses were taken 
company specifications and were used such during the test- 
ing period. Later tests were made the hardness the 
rubber and there was found some variation from the 
company specification. not known whether these lie within 
the tolerance allowed the company not. Several combi- 
nations rubber hardness were tried both the fixed and 
rotating disk: 30, 40, 55, and 70 durometer. The hardnesses of 
rubber used the rotating disk were and durometer. 
These were used several combinations. Although 
the tests are not extensive might desirable, certain 
inferences can taken from the data. appears that dif 
ference hardness between the and the rotating disk 
approximately points gives the best performance, consider 
ing the maximum capacity and the unhulled and 
cracked beans collectively. apparent from the results 
shown Fig.6 that other combinations may give fewer 

acked beans, but the capacity is lower. It also appears that a 
durometer hardness in the range between 30 and 50 with the 
spacing specified will give the best over-all results. 
recognized that many other variables may enter into this, such 
the beveled edge, the heights the rubber, the alignment 
the disks, and others 


Other Variables, Additional testing will required 
this machine determine the relationship other factors 
the performance the Such factors moisture con 
tent, trash content, the influence the cleaning unit, fan 
speed and air movement may also important the over-all 
performance 

anticipated that larger hulling unit built this 
same principle will ready for use before the 1952 hulling 
season. Additional tests will made the variables already 
studied and others that have not been studied date 


SUMMARY 


experimental castor-bean huller with 18-in-diameter 
disks rotating horizontal plane was built and tested the 
past year. The principle the horizontal disk different than 
the other machines that have been built previous this time 
for castor-bean hulling. The experimental machine was built 
that the spacing between the disks, the type rubber 
the disks, the speed the disks and other variables could 
regulated and controlled. increase speed resulted 
increase Capacity, increase unhulled beans, and 
increase in cracked beans. The spacing which has been op 
timum for the particular variety castor beans used 
this test between 20/64 and 21/64in. the spacing 
becomes less than this, the number unhulled beans decreased 
but the number cracked beans increased considerably. 
the spacing was increased above this apparent optimum, the 
unhulled beans increased and the (Continued page 716) 
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Fig. 6 The effect of hardness difference of the hulling disks on capacity 
and cracked and broken beans 
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Flood Control 


Terbush 


N THE Flood ¢ Act of 19 


44, the US. Department of 

Agriculture was authorized to start an operations progran 
in the Washita River watershed (Oklahoma and 

for runott and watertlow 
The program 
improved cropping 
adjust 


ontrol 


Texas) 
retardation and soil erosion preven 
tron includes watershed treatment, Consisting of 
and other management practices, land-use 
ents, soil and water Conservation practices and works, 
various Combinations of such n and 
retarding appurtenant 
primarily for watertlow 


The Washita River 


flows for some 650 n 


and 


easules, upstream 


floodwater measures 


structures and 
retardation 
rises in the Panhandle ot Texas and 
tles in an easterly and southeasterly direc 
ton across the south and central part of Oklahoma. It empties 
into Lake Texoma Tishor Johnston County, 


Oklahoma. The watershed about 300 miles long and varies 
in width from 25 to 


near ingeo in 


50 miles. The total drainage area, 7,961 


miles miles in 


square (5,095,040 acres), includes 97 


square 
undated by the Washita arm of Lake Texoma 


In planning our operations we have divided the Washita 
River into 64 creek watersheds varying in size from 27 to 680 
square miles 112,000 acres 
of bottor in stem of the river, while these 
creek 265,000 acres of flood plain 
So far to determine, no one flood has 
bottomland. The highest fre 
quency of flooding along any reach of the main stem ts slightly 
in excess of two tloods per year. However, the creek watersheds 
which contain 70 per cent of the bottom land, have a high 
frequency of flooding 


It was found that approximate! 
land he along the 

watersheds contain some 
as we have 
covered all of the 


been able 


main stem 


They average from two to six damage 
producing floods per year. One thing then ts clear 
important yob as the reduction of 


The most 
and sediment 
creeks which 


floodwater 


damages in the tributary watersheds the 64 


make up the Washita River 


date have completed engineering surveys twenty 
these creek watersheds Comprising acres 


This paper is discussion of one of these 
watersheds in which all of the planned structures and meas 
ures are now being completed This watershed, Sandstone 
Creek, ts located in the upper third of the Washita River 
watershed and les wholly in the Rolling Red Plains. Its area 
iS approximately 100 square miles. 


contined to a 


The economy of the watershed is agricultural, beet cattle 
production and dairying the major enterprises. Ninety 
per cent of the cultivated bottom land and 70 per cent of the 
cultivated upland is used for teed crops. Cotton and wheat are 
rarsed as cash crops 


Progress on the land-treatment portion of the program ts 
lent. One hundred twenty-seven tarm 


operators are 


exuce 


and 


and ranch owners 
cooperating with conservation 
istricts in applying land-treatment practices. These farms and 
ranches comprise more than 90 per cent of the watershed area 

Needed land-treatment measures include 


mules ter 
races along with some 
« 


acres tarm waterways, seeding 
acres idle abandoned land, miles farm diver 
sions, 125 farm and 49 miles of tencing to enclose 
reseeded The estimated total cost installing 
and the annual cost, including 
is $16,961 


All storms that occurred during the 1920-39 period, inclu 


and were routed through the 


ponds, 
newly areas 
these measures is 


installation and maintenance 


sive, were studied 


watershed 


Damages trom these storms were calculated considering 


both the season and the depth ot flooding. Land-use and crop 


damage information was obtained from tarm operators in the 


This paper was 


Socrety 


Soul Conserva 
Okla 


flood plain area. Road and bridge damages were reported 
the board Roger Mills County 

was found that floodwater and sediment damages 
the 4,700 acres bottom land amounted $58,697 
for the 20-year period 
The floodwater retarding measures planned for the water 
shed include detention structures, drop located 
above the detention structures for gully stabilization and sedi 
ment control, 1.3 mules floodwater diversions for increasing 
the drainage areas the detention structures, and one mile 
The estimated total cost installing these meas 
ures $1,153,729. The annual cost, including installation and 
maintenance, $36,982 

The land-treatment measures and the dentention structures 
will reduce the average annual flood damage from $58,697 
annual benefit $57,461. Most this reduction 
will the system floodwater retarding struc 
tures. The structures and appurtenant measures are expected 
provide total $54,518 per cent) annual benefit 

addition the benefit from reduction damages, farm 
operators the flood plain indicated that they will intensify 
their farming operations growing larger proportion 
high-value crops. was estimated that annual net benefit 
$11,019 will result from conversion flood plain land 
more intensive use 

The total waterflow retardation from reduction 
damages and more intensive use the flood plain are 
estimated to be $65,537. In addition, it ts estimated that the 
benefit landowners and operators upland areas the 


watershed from the application land-treatment measures 
will $88,039 annually 


Comparison Cost and The average annual 
benefit $65,537 from floodwater retarding structures com 
pared with the average annual cost $36,982 for these meas 
ures represents $1.77 for each dollar cost. 

The ratio the average annual benefit $90,982 from the 
land-treatment measures and practices their average annual 
cost, $16,961, is $5.46 of benefit for each dollar of cost. 

The ratio the total average annual benefit $156,519 
total average annual costs, $53,943, 1s $2.90 of benefit for each 
dollar cost 


Castor Bean Huller 


(Continued from page 715) 


cracked beans decreased. The capacity the machine 


viously increases the spacing between the fixed and rotating 
disk increased. The rubber-faced disks which seem give the 
best performance were ones which had hardness 
between the fixed and rotating disks durometer points. 
the ditference rubber hardness increased, the capacity the 
machine decreased and the cracked and unhulled beans 
creased. the ditference rubber hardness decreased, the 
capacity decreased. Other factors which may important 
the performance the castor-bean huller are the moisture 
content the beans, the type cleaning equipment, the 
beans, the amount trash and foreign material 
the beans hulled, and other factors which have been men 
tioned but were not studied 
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Unmatched for long life amongst 
Unmatched for long, peak all living creatures are the giant 
service life the clutch turtles inhabiting the waters the 

life expectancy: Far excess 
average vehicle life. 


For long life, for performance, for trouble-free dependability 
—the unique combination possessed the 
Aetna Type Bearing challenge with any other 


bearing suited the clutch release position. 


Right now Aetna vigilantly alive its responsibilities 


the No. supplier this essential bearing the Nation’s 
vital civilian and military vehicle builders. will continue 
direct the results its best thinking, best experience and 
best craftsmanship toward further improvements its ser- 
vice these indispensable industries. 


AETNA BALL AND ROLLER BEARING COMPANY 
Roller Bearings ¢ Bal! Retainers 


e@ Hardened and Ground 
Washers ¢ Sleeves ¢ Bushings 
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INSTRUMENT NEWS 
Noansis, Editor 


jones about interesting agricultural applications of instruments 


and related problems are invited. and should be sent direct 


Norris, Agricultural Research Center, Beitevilie. Maryland 


Method Increasing the Latitude 


Recording Potentiometer 
Hansen and Carl Hall 


perature study, it 1s sometimes necessary to record 


ording pote eter. Frequently the number of thermo 


on the than the 
read. It ts possible to 


fror 


potentiometer are fewer 
number of thermoc 
the 


thermocouples to another, but 


iples that are to be 


inually potentio 


eter contacts one set ot 


this ts labormous and do 
lend itself to Continuous recording tor several days 

the agricultural engineering department 
State College an 8-point recording 
Model used for recording auto 
matically the temperature of 52 individual thermocouples. A 
rotary stepping switch which by-passes the regular 8-point 
switch in. the makes the recording possible 
(Fig. 1). The potentiometer and stepping switch should be 
librated for accurate readings 


at Mu higan 


(Brown 


potentiometer 


ca Special low-resistance stepping 


switch wipers and contacts may be obtained at a considerable 
inmrease 


cost. One thermocouple in the series was placed 


a light bulb 


ings served as an indexing point for separating successive series 
of readings 


next to Its high reading among the lower read 


Stepping Suites The ratchet type stepping switch tor the 


three banks of 26 terminals, including three wipers, is fixed on 
a sha afiven | am atcne mechanism us 


>?) 


and 
Contact number 26 is completed mechanically in proper 
sequence from the wiper drive 
ternunals were used in the third bank of terminals. Terminal 
box a, b, ¢, dois a part of the orginal switch assembly pro 
vided tor external connections 


proyection 


The internal connections from 


terminal box to a, b, ¢, d are complicated and have been 


itted tor simplicity. For details of the internal operation of 


the rotary stepping switch, consult the listed*. The 


pawl and-ratchet: mechanism which turns the shaft and the 


er 


Stepping switch arrangement tor 


pot 
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attached wipers, actuated electromagnet which 
sponds momentary current each impulse the 
pawl engages the ratchet, moving the three wipers one step 
over the three sets contacts. The three wipers and three 
sets contacts are schematically represented across the bot 
tom The rotary stepping-switch assembly, Type 45, 
Part No. BDC, manufactured the Automatic Electric 
Co., and distributed and sold the Automatic Electric Sales 
Corp. the same address. commercially produced for 
dial telephone addition other controls. 
necessary make only the external connections the stepping 
switch assembly adapt for use the potentiometer, 
shown Fig. 

Fig. connections between the stepping 
switch assembly, located inside the control box, and the 
ternal connections from the box. 
diagram. maximum thermocouples can connected 
the numbered connections. Numbers through 52, letters 
through Cu, and the 115-v leads rep 
resent external connections the control box containing the 
assembly 


illustrates the 


is not a wiring 


Wipers for the first and second banks contacts are 
from each other. The wipers the third 
bank contacts consist two arms with each 
other which are continuous contact with the terminals 
After the wipers the first bank complete contacts through 
26, the second wiper, which 180 deg, goes contact 


to repeat the cycle 


After this, the wipers are in a position 


The constantan knob the connection panel the con 
trol box was installed matter convenience for holding 
the wire its way the recording potentiometer. The cop 
per connection represented (+). Plug-in terminals, 
and connect and actuate the temperature and printing 
mechanism the top rear the hinged door the Brown 
potentiometer. The chart drive the bottom rear the 
hinged door connected directly 115 Galvin condenser 
was connected parallel across the 

115-v circuit provide 
adequate spark suppres- 
sion (see reference 
The lettered connec 
tions, through are 
used for cancelling cir- 
cuit when less than 
readings are taken 
are shorted out con 
impossible get read- 
ings the correspond- 
ing positions the other 
contact points to termi- 
nals 1, 27, 2, and 28; 
thus thermocouple 
readings can made 
When reading 
mocouples, 
couple terminals would 
have shorted out. 
short out thermo- 
couple terminals, 18 ter- 
minals the 
circuit would have connected together and shorted out 
The wipers will then automatically slide through these points 
and come to rest in a position to begin the readings as desired 


Recorder Switching Circuit 


points with 16-point recorder described article, 
entitled “Multipoint John Taylor, the 
publication for August, 1952, vol. 25, page 1080 


tae 
controls, 
+ 
~~ 
~ 
4 
by. 
1 1} paper was prepared expressly for AGRIC TURAL ENGINEERING 
‘ Is approy rf cation by the Michigan Agricultural Exper 
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*Rotary Stent t 
Rotary pring Switches, Bulletin 474, Automati Electr Ce 
Van Buren St., Chicago 1951 
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Top efficiency demands 
“total engineering” 
screw conveyors 


LINK-BELT integrates all 
components give you the 
right screw conveyor for 
your machines 


Whether your screw conveying problem 


is conveying, elevating, feeding, mixing, 


blending or sprea you'll find the 


right answer at Link-Belt 

Screw Conveyor components 
are “totally engineered.” That means your 
design needs are analyzed—-every compo- 
nent is matched to the exact requirements 
your machine. And Link-Belt Screw 


Conveyors are accurately made to insure 


bly, smooth and continuous 


easy assem 
operation 
Your Link-Belt representative can give 
you full information on the extensive line 
of Link-Belt Screw Conveyor components 
Compare this complete choice of quality 
products with any other and you'll 


choose Link-Belt every time 


SCREW CONVEYORS 


LINK-BELT COMPANY: Chicago 9, Indian- 
apolis 6, Philadelphia 40, Adanta, Houston 1, 
Minneapolis 5, San Francisco 24, Los Angeles 
33, Seattle 4, Toronto 8, Springs (South Africa), 
Sydney (Australia). Offices in Principal Cities. 


’ 


This New Idea No. W-5 Hay Baler utilizes an auger for moving hay from pick-up to pre- 
compression chamber. The auger, furnished compiete by Link-Belt, is easily adjustable in 
height to meet varied hay conditions 
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LINK-BELT builds augers 
and screw conveyors 
for farm machinery 

all types 


Cotton harvesters 


Post hole 
diggers 


Feed grinders 


719 


Combines 
— 
Hay balers 
al | 
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sealing the cooling system, the Eaton pressure 
relief cap causes small amount vapor pres- 
sure build up, raising the boiling point the 
coolant. This permits engines operate 
more and more economical temperature 
range without boiling away water anti-freeze 
provides for smoother engine performance, 
quicker warm-up, improved 
heater 


The Eaton pressure relief cap safeguard 
against loss coolant through either surge 
This extremely important where 
water scarce where the constant addition 


an 


water tends build alkaline deposits the 
system. With sealed cooling system vehicles can 
designed with smaller radiators consider- 
able saving cost. 


Eaton offers the advantage single source 
supply for pressure cap and filler 
quirements; eliminates 
assures positive mating cap and neck; saves 
engineering and purchasing contact time. Eaton 
engineers will opportunity work 
with you developing the most efficient and 
economical closure—standard pressure type— 
for your cooling systems. 


EATON MANUFACTURING COMPANY 


CLEVELAND, 
STAMPING DIVISION: Detroit Office, 18001 James Couzens Highway, Detroit 35, Michigan 


ORIGINATORS THE BAYONET-TYPE CAP AND FILLER-NECK 
FOR PRESSURIZED COOLING SYSTEMS 
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Imaginative engineering makes the Uni-Mower outstanding product 
the line hay tools. Designed for easy attaching and detaching, 
the Uni-Mower can mounted any modern tractor with power 
take-off for fast, clean mowing. 
From engineering viewpoint, the Uni-Mower features the elimina- 
tion excess weight, and important reduction moving parts, with 
resulting decrease maintenance. 
Power transmission has been improved and simplified the V-belt 
drive, which powered the take-off shaft, equipped with high- 
quality universal joint assembly. This drive eliminates gearing for 
smoother, quieter operation, and allows the event slug- 
ging preventing break 

entire unit protected from damage 
automatically allows the sickle bar and mower pivot and by-pass ob- 
structions the field. 
Ease operation stems from the conveniently located foot pedals and 
hand levers for lifting and lowering the sickle-bar—and the 
clean, open design makes all parts easily accessible the farmer. 


DURKEE-ATWOOD AGRICULTURAL V-BELTS: 


age other parts. The 
safety spring release which 


This consists of a V-belt 
pulley, driven by the power 
take-off shoft—the quiet, 
smooth-running DURKEE- 
ATWOOD V-Belt—and a 
V-belt pulley thot is an 
integral part of the Pitman 
fly wheel. You get quieter, 
smoother operation . no 
gears to adjust and fewer 
wearing parts to break 
and reploce. 


QUALITY ENGINEERED FOR BETTER TRANSMISSION 


Minneapolis-Moline buys large share their belt re- 
quirements for the Uni-Mower (and many other belts) 
from DURKEE-ATWOOD, because they measure 
standards quality. specifying integral parts for 
the Uni-Mower, engineers selected DURKEE-ATWOOD 
V-Belts after exhaustive tests field and laboratory. 
DURKEE-ATWOOD V-Belts feature rayon cord con- 
struction for strength and flexibility and straight 
sidewalls for full groove contact and reduced slippage. 


FREE—V-belt drive engineering data. Write Dept. 


DURKEE-ATWOOD CO. 


MINNEAPOLIS 13, MINN. 
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They are built the best raw materials obtainable 
engineered for longer life and smooth, efficient power 
transmission. 

Behind DURKEE-ATWOOD 30-year record top 
quality V-belts, conscientious service and complete 
Engineering and Research Department. This strict atten- 
tion quality and service the big reason why many 
leading manufacturers like Minneapolis-Moline are turn- 


ing DURKEE-ATWOOD V-Belts. 
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Correction 


readers called errors the summary 

the paper, entitled “Factors the Design Baled-Hay 
October, 1952, 


Calhoun, beginning page 


issue of AGRICULTURAL ENGINEER 


corrected this paragraph should read tollows 


ft of 


about 6.65 cu ft 
16x 18 x 36-1n bale 


The 
1} 


meousture weighs about SO 
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considered weigh 


OCCUPY and cover area 
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t floor space when stacked on 
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MANHATTAN AGRICULTURAL BELTING 


the field that the agricultural manufacturer 
makes his name. The success every new baler 
combine rides the many belted drives that run its 
intricate mechanism. 


Manhattan, every step taken research develop- 
ment and manufacturing care make every Man- 
hattan Agricultural V-Belt and every Condor Whip- 
cord Endless Belt meet the exact specifications the 
equipment manufacturer. Manhattan engineers draw 
more than years rubber technology 
duction experience combine with the experience 
and inventive genius the agricultural equipment 


Conveyor Belts 


Flat Belts V-Belts 


Other R/M products include: 
Clutch Facings @ Asbestos Textiles @ Sintered Metal Ports @ Rowling Balls 
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manufacturer. Together they design power transmis- 
sion drives nearly foolproof possible make. 


Manhattan Agricultural Belts keep their tension and 
flexibility all kinds weather, enabling the machine 
perform its important work peak efficiency, fur- 
thering the good reputation its 
why much agricultural OEM business goes 
Manhattan. 


are not already working with your engineering 
department, our engineers are ready and eager dis- 
cuss your belting problems. 


MANHATTAN RUBBER DIVISION PASSAIC, NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Rol! Covering Abrasive Wheels 


Tank Lining 


Fon Belts @ Radictor Hose Packings Brake Linings Broke Blocks 
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Section Program 


‘ er 1a, at the 
M Work © Inte Harvester ¢ 
‘ F works, a t the x will be made during the early 
‘ re Harvester” wall be 
‘ he A in Les Clut bast Moline 
I Sect loner w he held in the Legion Club Room at 6 
snd the program that tollows wall include a talk on industrial 
and tra « tor today's problems by Reed, manager ot 
educa ind personnel, THE Fuller, general supervisor of ma 
terial research, THO, wall talk on the effect of manutacturing researct 
farm implement machimery 


Georgia Section Meets November 
Georua Section, will hold us tall meeting at Radium 


es near Albany, Ga, on November 14. The forenoon session 


1 
opened by Section Chairman John TO Phillips, Jr, following 


which the group will be welcomed to Radium Springs by J. Irwin Davis 
Sr) The formal program of the session wall start with a talk on highway 
lite irance by Bill Blunt of the Georgia Power Ce He wall be 
t wed by Ed Komarek ot Greenwood Plantation discussing the corn 
it tr and oats challenge to agricultural engineers. An approach to 
pasture ‘ is the subject of a talk by J) Trewin Davis, Jr, and 
the cha xe of farm management to agricultural engineers will be the 

‘ ed by Leshe Abersold 

This program will be tollowed by a luncheon at the Radium Springs 
Ca after ow h the group wall tour the Clark Thread Company's 
pla reterred to as the wor most o ern cotton thread processing 
pla 


peakers on the afternoon program are George Bo Nutt 
and Feed A) Kummer, respectively, heads of the agricultural engineering 


lepartments of Clemson Agricultural College and Alabama Polytechnic 


lastitute They will report on the agricultural engineering work in their 
respect tate ' wink these two talks, a panel of speakers with 
RoW as moderator will handle all intormal questions ar 
4 bused on talks teatured on the torenoon and afternoon progran 

meetting will close with a barbecue on the Radium Springs 
ar i 


Oklahoma Section Fall Meeting 


Oklahoma Sect ASAE. will bold ats annual tall meeting 
h 


fing on the campus of Okla 
AA ( cue Stillwater 7 technical program bee 
le G. Sc t Development of Pole Barn Desien and ¢ 
t by the Ok City T r 
RK 
\ iS ‘ ind ow 
Mr } Mi Dona tt USDAS ( Serving W 
‘ proara ef Phagan w 
R t KB Dutt s E. Ga respective 
prowra is scuss by Ca 
I as 1 ss meeting a 
i i “ tt « r 
“ t i transacte 
tt Ma B Cox 
man, WT Whee vik and Gy Ne secretary treasurer 


Irrigation Theme West Virginia Meeting 


and concentrated its atte va aspects of xation 

Subye ‘ wa 1 pply, water stor 
axes, Water aw prot i sorts xa rriwati 
systems, and planning and prema x iffigation system specifications A 
mspection top to a nearby tarm provide pper tor pra the 
application ot principles to the development « a system to spe 


cifte situat 
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NEWS SECTION 


ASAE Meetings Calendar 


November 14—GrorcGia Section, Radin 


November 14 — 
vester Works, bast Mc l 


November 28—OKIAHOMA SECTION, Student Union Bld 
Oklahoma A. & M. College, Stullwater 


December 15-17—WINTER MEETING, Edgewater Beach Hotel, 
Chicago, Ill 


January 24 and 24—NortH Carorina Section, Reddick Au 
ditornum, Raleigh, 


February 9-11—SouTHrast Section, Roosevelt Hotel, New 
Orleans, La 


February 14—MiICHIGAN SeCTION, Edison Boat Club, Detrort, 
Michigan 


Tune 18 to 17—46TH ANNUAL MEETING, Hotel William 
Penn, Pittsburgh, Pa 


Note: Information on the above meetings, including 
copies of programs, etc, will be sent on request to 
ASAE, St. Joseph, Michigan 


Best New Chairman Pennsylvania Section 
A BERT M_ BEST, research engineer, New Holland Machine Division, 


The Sperry Corp, was elected the new chairman of the Pennsyl 
vania Section of the American Society of Agricultural Engineers for the 
ung year at the Section’s regular tall meeting held October 9 and 10 
¢ Penn Wells Hotel in Wellsboro, Pa) Harold V. Walton, assistant 
protessor of agricultural engineering, Pennsylvania State College, who 
has been serving the past year as secretary of the Section, was elected the 
new vice-chairman. The new secretary elected at the meeting is James B 
Kistler, assistant superintendent of farms at Pennsylvania State College 


The program of the meeting teatured the rural electrification and 
turm machinery phases of agricultural engineering and included the 


subjects of tarm retrigeration, m 


hav finishing, barn ventilation, 
standby power generators, torage harvester versatility, economics of 
tarm machinery and chemical weed control 


t the close of the first-day 
ession the group visited Pennsylvania's Grand Canyon a short distance 
from Wellsboro, and at the conclusion of th 


progr 
jay they took an organized trip to Corning, N.Y, to visit the plant of 


on the second 


on established an award to en 
iral engineering curriculum of 


Pennsylvania State College to attend meetings ot the State Section. The 


award fes tor a paid trip ot two members of the Pennsylvania 
Stud hot ASAE a r m meeting each vear. The students 
ire se ed bv the Student Branch and one of the two must be a member 
t the r class) At the meeting at Continued on ff 


New 1952-53 officers of the Pennsylvania Section, ASAE. Left to right 
J B Kistler, secretary, HV. Walton, vice-chairman; A. M. Best, chairman 


4 
| 
SHE lowal Se t the American Socety ot Age tura Albany,Ga 
BY > 

: 

| 
courage students enrolled in the axricu 
Gs 


Where Needed Most 


can’t keep barn dry inside. One cow, 


for example, gives off more than gallon 
moisture vapor every day 


degrees. But the cows could swim- 
ming and the moisture would not weaken 
the glue Rilco rafters. bond- 
into one 


—with resorcinol glue. 


Structural 


or “Ext The 

sign of waterproof 
lamination 


UTILITY Rilco Utility build- 
ings not only serve machine shed, 
but are easily adaptable for use 
efficient dairy feeding barns, crop 
storage, poultry and hog houses. Here 
again, it’s important that the glue 
completely waterproof. Resorcinol 
glue, developed for shipbuilders dur- 
ing the war, protects Rilco framing 
from sill ridge extra cost. 


Engineered 


RILCO PRODUCTS, INC. 
2521 First Nat'l Bonk Bldg., St. Poul 1, Minn. 


Please send the new Glue booklet. 
Nome 


Address 


City 
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To control the rote of drying, moisture 
is actually added to air inside these 


modern kilns. content. 


Controlled 


Whenever construction job started, 
the owner will greatly comforted 
positive answers these questions: Will 
the lumber hold its size and shape after 
nailing? Will have maximum strength, 
hardness, and stiffness? Will age hand- 
somely, and not develop stains? Will 
take and hold paint? 


These are all important factors, the 
owner enjoy lasting satisfaction 
from his building. And each one these 
factors closely related the drying 
lumber. Consequently, scientific drying 
controlled step the manufacture 
Weyerhaeuser Lumber. 

Weyerhaeuser mills lumber dried 
large, ultra-modern kilns. This method, 
under accurate control, saves much time, 
and results proper and uniform dry- 
ness. also makes possible the lower 
moisture content essential for many uses 
lumber. 


Lumber cut from the log contains 
great deal native moisture. When 
this removed the wood cells shrink. 
Weyerhaeuser controls this shrinkage 
process through precise kiln seasoning. 
Weyerhaeuser kiln-drying regulated 
with great care and technical skill 


Sample pieces of wood in kilns are 
carefully weighed to check moisture 


Cooling shed at discharge end of kiln 
battery. Lumber is held here to equal- 
ize at normal use temperatures. 


Key Lasting 


order resist checking, honeycombing, 
warping and twisting thus providing, 
through means this important phase 
manufacture, lumber products 
greater utility. 

Look for the Weyerhaeuser 4-Square 
brand name certain that properly 
seasoned lumber used the con- 
struction your building. 


One of a series of advertisements defining the important 
factors contributing to the production of good lumber. 


The Everett, Washington Mill. At mills located on the West Coast and Inland 
Empire, Weyerhaeuser 4-Square Lumber is produced in a range of products 
from Douglas Fir, Idaho White Pine, Ponderosa Pine, West Coast Hemlock, 
Western Red Cedar and related species. 


Weyerhaeuser 4-Square Lumber and Services 


WEYERHAEUSER SALES COMPANY e ST.PAUL 1, MINNESOTA 


AGRIC 
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were privileged to be guests of the 
aomember of the imtor class ard 
he senior class 

tron is scheduled tor some time during 


in the Agricultural Building on the 


Dewey Long Accepts Assignment India 
AMES DEWEY LONG, a past president of ASAE, has been appointed 


a technologist at the Armour Research Foundation of the Hlinois Insti 
tute of Technology, Chicago He will be assigned to one of three of the 
Point TV projects of the Foundation’s International Division in Ind 
which are sponsored by the government) With headquarters in Calcutta, 


Mr Long will work with the Damodar Valley Corporation, similar to 


the I essee Valley Authority, in the development of small industry 
part ariy mechanized, in the area 

Immediately betore ining the Foundation, Long was special 
assistant to the director of agricultural engineering research in the US 
Department ot Agriculture, a position he had held for four years. Hos 
first assignment with USDA sent him ts nbia, Son Ameria 
where 1947 and 1948 he assisted the Food Supply Institute of that 
country on the solution of food storage problems, meluding the building 
of modern warehouses and grain elevators and the development of grain 
furmipat esse 

Mr Long was associated with the Douglas Fir Plywood Association 
trom 1940 to 194 Starting as a field engineer, he was advanced to 


market re 
was in touch with the 
During World War Il 
ng, and wood finishes 
laste impregnation and 


structural uses, and the 


Dewey Long was a member of the agricultural engincering staff at 


the University of Calitornia tor 18 years, specializing in food, dairy and 
dried truit processing A prolife weiter, he os the author ot some 40 
articles, the majority of which are in the building materials field) A 
University of Calittornia bulletin’ “The Use of Earth in Adobs Construc 
tio is well known 


Besides his membership in ASAB, Mr. Long is also a member of the 
Ameriwan Association tor the Advancement of Science, American Society 
for Engineering Education, Forest Products Research Society, and the 


Institute of Food Technologists 


Ohio Section Fall Meeting 
Section of the American Society of Agricultural Engineers 
held ats tall meeting October 11 in Ives Hall on the Ohio State 


University: camy The program opened with a talk by ©) Howard 
Bingha Pennsylvania representative tor New Way Farm Sales, Inc , of 
factors roe consideration dairy stable ventilation This was 


followed by a talk by John So Glass, of the Milwaukee « 
Sou Conservation Service, on water problems dealt with in Soil and 


Water conservation work 


The meeting was bro to close by a luncheon in the new Ohu 
Memorial Union, and tollowing the luncheon Karl Butler, farm counse 
lor, Ave Manutacturing Cory addressed the group on some of the 


Alabama Section Fall Meeting 
7 Alabama Sectron of the American Society of Agricultural Engi 
ers t 

and a 


held ots reaular tall meeting at Florence, Ala, on Oct 
Fitty-eaaht members and guests were present 
The principal speaker was Edward O'Neal, president of the 
Amernan Farm Bureau Federation, who outlined the growth and devel 
opment of agriculture im this country with emphasis on the Southeast 
Mr O Neal's address came atter the members had enjoved a fish fry on 
beautitul Lake Wilson 


Three rs were made during the meeting. The Section viewed the 
TVA tertilizer plant which produces superphosphate and the Revnolds 
aluminum mill which turns out both alun m stock and finished prod 


ucts. The third tour was made in airplanes over the tertile farm lands 


oft the area showing various soil conservation practices being employed 


The following other subject 


s were featured on the program Mech 
anization in the Tennessee Valley Area, bv Fred Stewart, superintendent 
of the Tennessee Valley substation, the agricultural program of the Ala 
bama State Chamber of Commerce, by Fo Ho Wilson, director, agricul 
the Tennessee Valley Area, by WR 
ranch, TVA, soil conservation at work 


CoH 


tural division, electrification in 
Walker, clectrical development 
by John M._ Lile, and uses of aluminum in tarm build 
lefferson, Revnolds Metals C 
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Michigan Section Fall Meeting Program 


HE Michigan Section, ASAE, met in the agricultural building on the 

Michigan State College campus at East Lansing on October 25. The 
program opened with a talk on mold inhibitors in baled hay by C. H 
Eggleton. This was followed by a paper by D. P. Brown on frost control 
with air movement. The third number on the program featured the sub 
ject of analytical and experimental methods for determining optimum 
size equipment for processing industries, by C. W. Hall, followed by a 
liscussion of the blueberry hoe by D. Fo Kampe Three speakers dealt 
specihcally with the agricultura! engineering program at Michigan State 
College, H. F. McColly, discussing the teaching program, George Amund 
son the extension program, and W. M. Carleton the graduate and re 
search program. All program speakers were members of the agricultural 
engineering staff of MSC 

Luncheon was served to the group in the Agricultural Engineering 
Building 


NFEC Change Planned 


PHASE in the history of National Farm Electrification Conferences 
closed with the seventh ot the series, October 19-21, at Detroit. It 
closed on the high note ot a strong program, with a determination by the 


Steering Committee that tor the ume future its scale would be 


held to the proportions of a round table tor representatives ot the co 


operating organizations Decision to discontinue the convention scale ot 


operations was based on a feeling that this was duplicating functions 


served by other meetings and not fulfilling the original purpose of pro 
viding a torum tor interchange of intormation and 
leaders of the organizations concerned 

The program developed substantially according to plan. Addresses 


cularly well received included the welcome to “dynamic” Detroit by 


viewpoints between 


par 
Walker L Cisler, president, Detroit Edison Co , the keynote talk, “We re 
Good But We Ought to Be Better,’ by John Strohm, associate editor 
Country Gentleman; the banquet addresses, titled “Leadership and What 
It Takes, by Ralph L. Lee, and “Up-to-Date Ways of Telling a Story 
on Selling an Idea,’ by Paul Bagwell, head, department of communica 
tron, Michigan State Collexe 

Members ot the American Society ot Agricultural Engineers con 
tributing to the program and arrangements included Ho H. Beaty, 
Hobart Beresford, Wm. G. Buchinger, |. C. Cahill, E. C. Faster, A. W 
Farrall, Ro J) Gingles, Ko H Gorham, Gallagher, G. E. Hender 
son, Hienton, H Hemker, D. Hemker, R. E. Johnson, 
W. Lehmann, McCuen, A.D Mueller, Wm. N. Muir, 
Pringle, W. J. Ridout, Je, CE. Seitz, FE. D. Smith, D. Womeldorff 


Report from the Sanitarians 


A’ THE 39th annual convention of the International Association of 
Milk and Food Sanitarians, held at Minneapolis in September, the 
American Society of Agricultural Engineers was represented by Stanley 
A. Witzel, professor of agricultural engineering, University of Wiscon 
sin, who 1s a member of both the ASAE and IAMFS. In addition to 
representing the Society at this meeting, Mr Witzel also presented the 
results of dairy cattle housing research at the University of Wisconsin 
to the sanitarians 

Among other things, Mr. Witzel reports that those in attendance at 
the meeting were much in accord with the work which agricultural engi 
neers are dome, especially as it relates to the field of milk and food 
sanitation, and welcome any and all cooperation which they can give to 


workers in the sanitation field 


In this picture ASAE Alabama Section Chairman C. A. Rollo is shown 
presenting Edward A. O'Neal, past-president, American Farm Bureau 
Federation, with honorary membership in the Alabama Section. Left to 
right: J B Wilson, Mr O'Neal, chairman Rollo, M. B. Penn, I. F. Reed 


AS. 
740 
We ber the tw students wt 
Section were Robert Weave 
Joseph Campbell, a member of 
The next meeting of the Se 
the spring months and will be held 
Pens viv at a State ‘ lle aly ‘ 
4 
i 
firector of research in 1944 and director of ed 
search in 194 While with the Assocation, he 
e's | first work on pretab housing in the early 1940's he 
at | he ire: te research on on tary boxing, hrepro« 
His contributions the general field included 
racing af plywood, gant plywood beams tor 
2 


for Farm Tractors 


Bendix brakes for farm tractors 
engineered for the hard going field and road work. 
Tractor manufacturers—as well automobile and 
truck manufacturers—look Bendix braking head- 
quarters for their industry. 


Backed matchless research and manufacturing 
facilities, farm tractor brakes combine heavy- 


The Bendix heavy-duty farm tractor brake 
duty performance with extreme dependability—and 


has powerful and positive holding action 
both forward and reverse. Rugged lowest possible cost. Let Bendix farm tractor brake 


assures uniform performance day after day, help you solve your brake problems. 


under the most severe field and road work. Write for complete information. 


EXPORT SALES: 
Bendix International Division, 72 Fifth Ave., New York 11, N. ¥. * Canadian Sales: Bendix-Eclipse of Canada, Ltd., Windsor, Ontario, Canada 


Brak 
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because only plywood, the 
real wood panel, brings 
you all the advantages 


LAMINATION gives plywood strength across the 
panel strength along the panel. The natural along- 
the-grain strength of the wood works both ways! 


why only plywood brings you this unique 
combination of advantages: 


Plywood the all-purpose farm material. Anyone can 
work with only ordinary skill and ordinary 
carpentry tools are Plywood cuts building 
time as much as 50; means stronger, more rigid 
construction, long-time investment value. 


Learn more about plywood's farm advantages. Write Z 
for 28-page booklet, Better Farm Buildings With 
Exterior Plywood. Send 10c to Douglas Fir Plywood 


Association, Tacoma 2, Washington 


AMERICA’S BUSIEST BUILDING MATERIAL 


Lorge, Light, Eatra Strong Panels of Real Wood 


Reside drafty, sagging 

buildings with big, rigid 
easy to- handle 
plywood panels 


Milk houses ond dairy 
barns re-lined with ply 
wood have smooth, 
easy to clean walls 


Plywood cabinets are 
quickly built—to your 

exact space require 
ments. Finish easily 


Feeders for bulk deliver 
‘are tighter, stronger 
more rigid when built 
with durable plywood 


Applicants for Membership 

The persons listed below have applied for 
admission to membership or for transfer of 
membership grade. in the American Society of 
Agricultura! Engineers.) Members of the Society 
who wish to commend or object to any of these 
applicants, should write the Secretary of the 
Society at once 


ALDERMAN, M — Trainee, Caterpillar 
Tractor Co., Peoria, Hl 
Averttt, Forrest | — Field representative, 


American Zinc Institute, Chicago, Tl 


BokNzin, Jamies H—Assistant chiet engineer, 
International Harvester Co, Memphis Works 
Memphis, Tenn 

BRANDENBURG, NokMAN R—Assistant agri 


cultural engineer (BPISAL USDA «(Mail 
Corvallis, Ore 


CARLSON, ERNEST C —Assistant chief engineer, 
advanced eng dept., International Harvester 
Co, Chicago, Tl 


Carver, James JR —Irrigation sales engi 
neer, Benton Tractor Co, Corvallis, Ore 


Crayton, Jor T—Instructor in agricu 


engineering, Univ ot Urbana, 


Dirt, James Jk —Salesman 
sall & Ward Bolt & Nut Co, 


Hirt, Oriwer B—Beekeeper, Harry Ko Hill 
Willows, Calit 


Jacob, Assistant protessor of agr 
eng Agricultural Institute, Alla 
habad 

MartHews, Lawrence —Trainee, Case 


Co, Racine, Wis 


MissNek, JacK D—Trainee, New Idea Dis 
Avco Mtge Corp, Coldwater, Ohu 


A, JR—US Air Force, Lake 
Charles AFB, Lake Charles, La 


Miritk, Howarp W Ik —Farm representa 
tive, Pennsylvania Power & Light Co, Aller 


town, Pa 


Miter, Rosert — Trainee, John Deere 
Waterloo Tractor Works, Waterloo, lowa 


Moopit, AkNOID—Sales engineer, John Etta 
Irrigation Co, Chicago, Hl 
Murray, Donatp A —Assistant project engi 


neer, John Bean Western Div Food Ma 
chinery & Chemical Corp, San Jose, Calit 


Paik, H—Proyect supervisor (SCS 
USDA (Mail) Bs 


ise, Ida 


Pakkik, T —General patent attorne 
Deere & Co, Moline, Hl 
Reesek, Fskat M —Desixn engineer, I 


Case € Burlington, lowa 


Richt, bi Mek —Agricultural engineer, Sout! 
east Colorado Power Assn., LaJunta, Colo 


pervisor ot field engi 


A © Smith Corp 


bart A—S 


neering af tes 


Milwaukec, Wis 


Rost, Dirt arp | —Irrigation engineer, Atlas 
Supply Div, Jones & Laughlin Supply C« 
Muskowee, Okla 

SCHINAGL, Jack —Technical writer, Wester 
Advertising Agency, Racine, Wis 


Wricu, BURNS—Assista 
xinecr, Mussissippr Agricu 
Station, State Colleze, Muss 


agricultural en 


ural Experiment 


TRANSFER OF MEMBERSHIP GRADI 


Bonp, THroporrt b. — Associate agricultural 
engineer (BPISAE), USDA, agr. eng dept 
college of agneculture, Davis, Calif. (Asse 


ciate Member to Member 


Krenty, Lo G — President, Farmers Mutual 
Reinsurance Co, Grinnell, lowa + Athhate te 
Member 


AGRICULTURAL ENGINEERING for Notember 1952 


maintenance and repair 
4 WW. Burd 
strength 
\ 
. 
. j 
i" 


“What it?” asked John, promi- 
nent appliance manutacturer. 

The contractor answered, 
ply this: take vour fasteners 
for granted! 

“4n RB&W man showed 
how fasteners could 
much more economically. 

“He suggested switching from 
rivets high strength bolts. They 
cost more than rivets initially, but 
the assembled cast is much lower. 
men work faster than with riv- 
ets. The building goes faster.” 

You, too, can find cost-cutting 
lesson from this story, whether 
industry 

MORAL: Look your fasteners 
for often overlooked opportu- 
nity reduce costs, and strengthen 
your competitive position. New in- 


MAKING STRONG THE THINGS THAT MAKE AMERICA 


from ONE BUSINESSMAN 


Screw, may prove more eflicient 
than the fasteners now using. 
you may save the stepped-up 
production you get from using the 
finest fasteners .. . RBAW bolts, 
screws, nuts and rivets of uniform 
accuracy, dependability and physi- 
cal properties. 

Let help you make the 
most use fasteners 
your assembly line. Address RB& W 
Port Chester 

Complete Quality 
line. Plants: Port Chester, 
Coraopolis, Rock Falls, 
Los Angeles, Additional sales 
Pittsburgh, 
Detroit, Chicago, Dallas, Oakland. 
Sales agents: Portland, Seattle. 
Distributors from coast coast. 
RUSSELL, BURDSALL WARD 

BOLT AND NUT COMPANY 
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*If you're interested in construction, write 
Port Chester for free reprint 
the recent article, More 


—_ 
STRONG 


ram leading to the degree ot bachelor of 


NEWS SECTION pas 


ng. It 1s administered ntly by the deans 


It has been in effect for the past year 


Washington Section Features Flood Prevention 


the Washington Minnesota Section the American Society Agricultural 
A roan Sacsety of Age tural Engineers heard Richard A neers presented an interesting program at its dinner meeting in the 
Hertzler, flood rve thee, LOS Department ot Axe tai cateteria building on the farm campus of the University of Minnesota at 
prowrat el artine St. Paul on October 28 
row Cha f hiet, division of engineering, SOS, acted as chair Following the dinner, John Ho Miller, of the US) Department ot 
mat 


ture, discussed the role of herbicides in agriculture This talk 


s tollowed discussion by W. G. Shelley of the Kromer 


Co, on the equipment and methods tor applying herbicides. Mr Miller 


5 ita wet engineenng curt at Rutgers University is a is actively engaged in a weed control research program in cooperation 
A 4 t tot suct t accredited by the Eng with the University of Minnesota’ Mr. Shelley ts manager ot his com 
I il Deve pany and is concerned with problems in the desien, development, and 

Ha i ‘ apt ed manutacture of equipment tor appl {controlling chemicals 


Engineering AAAS Program 
NUMBER 
engineers, arranged by Section M (ngs 


s of imterest to 


neering) and various other sections ot the 
American Association tor the Advancement ot 
Science, have been scheduled for its meeting 
December 27 to 30 at St) Lours, Me 

Three 


sessions scheduled for the 
opening 1 Saturday, December 27, wall 
deal with these subjects The Nature of Dis 
asters Scientific Manpower Research and 
Engineers ind “Men and Machines.” Dur 
the atternoon there will be a 
itled “Disaster Recovery and a continuation 

of the program on “Men and Mact 
4 Biographical directories and t 
ists 4 engineers are Dyects t considere 


pics 
Rel tu 
Fit the Job and the Machine 
For powering balers, combines, cornbines, forage 
harvesters, garden tractors, pumps, sprayers, small ther attentior 
the sar ’ 
rotary tillers, loaders, conveyors, electric generat- 
“i cre « sess rinks 
ing plants and many other types the 
‘ A third session on the topic Men and 
cylinder isd esday con Mecting 
610 9 ho farms everywhere. Otherwise the interest in this last 
ot the mee largely in the med 


Because Wisconsin Heavy-Duty Air-Cooled Engines 
are supplied complete power range, from 
types, there ideal size fit all types power Institute for Deat and Washington University 
applications within this range 


dealing with heating and speect 


Kation, and cooperation of med 


nd engineering in speech and hearing 


without wasted 


Irrigation Equipment Manu- 
power and with maximum power 


facturers Meet 
models 


ment 2 nufacturers their htt 

V type 


consider selecting the right power fit both Park, November Lar 


2 ~ lance in the history of the industry ts 
the machine and the job. And dependable AIR- topics 
COOLING assures trouble-free cooling under all 
j for more ethcient crop pr 
By a mers place in defense 
For Most H.P. Hours on-the-job service from planning adequate allotments 
your engine-powered equipment specify 
WISCONSIN". Descriptive literature and engi- the three-day findings 
pecit ps and s pumping improveme 
WISCONSIN MOTOR CORPORATION 
t ifigation and treimmht rate studies of 
A 7255 IR be made hehalt of the 
Neu 
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t agriculture and engineering 
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ie 
i of the cor rrent sessions Monda 
j 
fa December 2 will compete tor the et 
engineers. Thev will deal with the 
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need lose time and profit with run 
down, hard clean milk house. Any farmer can 
build one that’s sanitary and easy clean with 
Masonite Tempered 


Tough, all-wood Tempered Presdwood per- 
fect for inside and outside walls, ceiling and roof. 
These easy-to-work hardboard panels cover large 
areas—assure strong, long-lasting construction. 
And Presdwood won't split, splinter crack, 
Stands under all kinds weather. 


The types and thicknesses Masonite 
Presdwood scores farm jobs quicker and 
better. The coupon below will bring you sample 
Tempered Presdwood, and plans for the milk 
house will build. Mail today! 


Masonite” signifies that Mason 


sold local building materials dealers everywhere 
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>ration is the source of the product 


Here’s how it’s done! 


For outside walls use Masonite 
Tempered Presdwood. Finish with 
sealer and two coats exterior paint. 
With insulation place, apply 
Masonite Tempered Presdwood 
interior walls. Add batten strips 
wide over each joint. Finish with 

two coats aluminum paint. 


” 


CORPORATION 
AE-11 Box 777, Chicago 90, 
1 Please send me free 
§ © Plans for 12° x 12° milk house 
; 0 Sample of Masonite Tempered Presdwood 
1 ) Literature about Masonite Presdwood on the farm. 
- 


pa 
{ 
at 
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Drainage Conference Scheduled 
Correction 


! as be ed tor N er 2k the news report KAL ENGINEERING for 
Hi M Object t ter t July (page 44 covering the April 25 meeting ot the lowa-l 
Sect has te The ife dicated that |. R. Carl 
enera Dis n, O I ( 
‘ Onl B e Olwer I 4 Steel Pp. are 
Its entire i power ¢ pme 
NEW BULLETINS 
The M ( 4 R 64 Annual Repor 
Ay ral Sta ersity ot K 
Ar x n riefly cea al eng ering 
on « t farm | on, tue heating burleyv t 
Current Point Four Openings barns, and effects supplemental irrigation pasture production 
RECENT tS Dey tot Ar t Nua d Suv by bo George and Paul WS 


With Or Without Fore 


The new Milsco “Monarch” features deep cushion com- 
fort with full 4-point body support. Ruggedly 

built; attractively styled. Designed for 

stepped-up work efficiency on many ae, 
types of mobile equipment. (Sold : 
to equipment manufacturers only.) 
Write for catalog on your company 
letterhead. 


MILSCO MFG. CO. 


2732 THIRTY-THIRD STREET 
WISCONSIN 


No. 
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WORLD’S LARGEST PRODUCER 
SLEEVE BEARINGS 
AND BUSHINGS 


Our Design Engineers 
your service 


THE CLEVELAND GRAPHITE BRONZE COMPANY 


SALES OFFICES CLEVELAND, DETROIT, NEWYORK AND CHICAGO 
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performance 
features 


Super preciuon 

tips DRILLED and MILLED 

tor uniform spray and 

exact volume control 

Interchangeable orifue 

tips in every type and 

capacity from one gallon 

per hour and up 

© Eleven different spray vide > t n 5 nance from both 
angles from 0 (solid 
stream) to 150 n eve y wm spra 3. For com 
Unconditionally guaran ste forn r Bu n 58 
teed for performance 

specilied m ozzies 2Ners and 


ved by test 


Factory inspection and 
fest of all nozzles and 
tips before shipment 


SPRAYING SYSTEMS 
22, RANDOLPH ST. BELLWOOD, ILLINOIS 
Write for Bulletin 58 


RPROOF 
SISAL REINFORCED 
PROTECTIVE PAPERS 


Farmers have proved SISALKRAFT 


provides dependable protection 


For over years many uses SISALKRAFT Products 
the farm have proved this tough, waterproof 
protective paper worthy highest endorse- 
ment. Write for complete information ALL farm 


uses SISALKRAFT and SISALATION, 


THE SISALKRAFT 
Cept 205 W. Wacker Drive, Chicago 6, IIlinois 
New York 17, New York ° San Francisco 5, Califorria 


three mod 


NEWS FROM ADVERTISERS 
New Products and Literature Announced by 
AGRICULTURAL ENGINEERING Advertisers 


Three New Self-Propelled Combines 


Massey-Harris Co, Racine, Wis, has announced the intr 


| prone 4 combines hich featur 
propelled ine 


BO ar 


as well as skimm 


in enclosed drive 


Economy Wheel for Light Applications 


& Hecht Dis Kelsey - Hayes Wheel ¢ Davenpr 


Light-duty French & Hecht economy wheel assembly 


elevators, light trailers, lime spreaders 


tarmers Il attempt to apply any available used 
tire, if a8 of interest t e that it 1s physically possible to mount 


and including 8 20 x 15 tires even though such tire Capacity 1s in 


excess of what the wheel and spindle will carry 
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a Bs 
Super 26 and 2 vundels 
| The new Models and have a hydraulic-speed selector and live 
g a axle drive which makes ble complete speed adaptability to specif 
x} 3 . 4 eld and crop conditions, and a sate, fast road speed of mph * 
ou Width of Model 90 ranges from 12 to 16 ft 
in on larg odel trom 12 16 tt, of. 
is Model 80. frot to 14tt and on the smaller Model 79 from 8! 
4 t ft 
BKalar paratt the new mode ta re t fr 
ie in operating relationship between the size, position, speed and capacity ¥ Pa: 
ies ot eact t of the bine, assuring contr { grain and straw at ae ae 
ry engine speed, thr ch every harvesting stcy 
oy 
3 
Massey-Harris Model 70 self-propelled combine 
atures | eas comtort a convenience the 
4 ter, with the tank, cutter bar and the complete held in view 
a t the operator at all times 
ra able an adjustable cutter Dar enables the 
perator to cut as hieh as the ground. Three 5 
forward-speed controls are The and Model 
suita tor all small xrains and rice, can be equipped with track-laying 
has developed a new standarized wheel-hub-spindle assen tor lieht 
engineered heht-duty package unit suited to a wide range of app tons 
t) serve a quantity market with optimur \ This economs 
tended tor loads averaging b per w tor apy 
\ 
= 
a tons such as portable grain 
te 
cp 


WN 


dollar 


--double duty...” 


HARVEY JR. 


Chairman, The Firestone Tire and Rubber Company 


dollar invested U.S. Defense Bonds does double duty. Through 
the Payroll Savings Plan help the building national defense 
and, the same time, provide for personal security the years 
The Firestone organization proud that more than 29,000 our 
employees are participating the Payroll Savings Plan.” 


America’s wage earners appreciate that double duty 
feature Defense Bonds? take quick look 
few figures: 


7.500.000 employed men and women are investing 
one hundred and fifty million dollars per month 
Defense Bonds through the Payroll Savings Plan. 
The number Payroll Savers going steadily. 
the first six months this Series 
$25 and $50 Bonds—the payroll 
pieces—an increase over the cor- 
responding period 


more than the same period 1951. 
(The Payroll Savings Plan the backbone 
Bond sales.) 

Today Americans hold cash value more than $49 
billion Savings Bonds. Their holdings Bonds 


—the Series bought Payroll Savers—are now $35 
billion greater than the end the war. 


What are you doing help your employees build for 
national defense and personal security 


you have Payroll Savings Plan, and participation 
less than conduct person-to-person canvass 
employees your plants and offices. Make sure that 
Payroll Application Blank placed the hands 
every employee. she will the rest. Participa- 
tion your Plan will jump —even higher, 
has hundreds and hundreds plants that have 
conducted similar 


you not have the Payroll Savings phone, 
wire write Savings Bond Division, U.S. Treasury 
ton, Your State will help you install 


the Plan—or conduct person-to-person 


The lS. Government does not pay for this advertising. The Treasury De- 
partment thanks, for their patriotic donation, the Advertising Council and 
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SIBILIT 


are behind 


Our constant search for wheel improve- 
ment takes ALL factors into account 


The design WHEELS and 
HUBS 


The design SPINDLES 
and AXLES 


Selection ade- 
quate anti-friction 
BEARINGS 


Selection 
suitable closure 
SEALS 


Selection 
types and sizes 
rubber TIRES 


May 
assist you 
cost reduction 


through our 
PACKAGE 


CHT 


MAJOR FARM EQUIPMENT 
MANUFACTURER HAS 
IMMEDIATE OPENINGS FOR 
DESIGN ENGINEERS 

AND DRAFTSMEN 


Fast-growing, progressive organ- 
ization located southeastern 
ical engineering desired, but not 
required. Opportunities unlimited. 
Salary open. Submit qualifications 
detail Personnel Department, 


Massey-Harris Co., Racine, Wis. 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne: 
Service at its headquarters office in St. Joseph, Michigan, as a ciearing 
house (not a placement bureau; for putting agricultural engineers seek 
ing employment or change of employment in touch with possible employ 
ers of their services, and vice versa. The service is rendered without 
charge. and information on how to use it will be furnished by the Society 
The Society does not investigate or guarantee the representations made 
by parties listed This bulletin contains the active listing of ‘' Positions 
Open’ and ‘‘Positions Wanted’’ on file at the Society's office. and infor- 
mation on each in the form of separate mimeographed sheets, may be 
had on request. ‘‘Agricultural Engineer’’ as used in these listings. is not 
intended to imply any specific level of proficiency, or registration, or 
license as a professiona) engineer 


Nott In this bulletin the tollowing listings still current and pre 
ly reported are not repeated in detail, for turther intormation sec 
the tssue of AGRICULTURAL ENGINEERING indicated 


N—APRIL—O-603.568) MAY—O.-619-570, 640-572 
Y—O-712-57S) SEPTEMBER—O-741-581) OCTOBER—O. 767-583 


67-S84 770-4 "0-586 59-587 60-588 82-S8 
as 1 86-594 
Posrmions Wantip — APRIL — W 582-10 JUNE — W-678 121 


691-124. AUGUST—W 721-129 22-130, 693 
st) SEPTEMBER—W’ 745-138, 739-1340 OCTOBER—W 762.1 


765-138, 


NEW POSITIONS OPEN 


GRADUATE RESEARCH ASSISTANTSHIP for study and develop 
ment of labor-saving devices to be used in commercial florist crop produc 
tion in and around greenhouses Land-grant university in an eastern 
state Opportunity for full graduate program leading to MS or PhD 
deg BS deg in engineering or equivalent with ability to pursue graduate 
study in agricultural engineerin essential Some background in com 
mercial tlower production or plant sciences desirable but not essential 
Us personal qualifications. Financed for one year with probable exten 
sion to three years. including some travel and other expenses Salary 
$1.659 on 12 mo basis. Free tuition O-824-596 


NEW POSITIONS WANTED 


DESIGN, development, or research in rural electric or soil and water 
field in industry or public service, anywhere in U S.A. BS deg in agricul 
tural engineering, 1951, iowa State College. MS deg in agricultural engi 
neering expected Jan., 1953. University of Nebraska Farm background 
War enlisted service in Army Signal Corps Radio repair, one year 
Married Aye No disability Available eb 5 Salary open 
W.-793-141 


DESIGN, extension, or teaching in farm structures with college, ex 
periment station or consultant ar tion BS deg in agricultural 
engineering. 1950, North Carolina State ¢ exe Design and advising on 
farm structures in industry. 6 mo Enlisted service, civil engineering 
work, J 1951 to ‘S53. expected date of discharge Single Age 24 
No disability Available Feb 1 Salary open W-791-142 


SALES. or service in power and machinery field with manufacturer ir 
SA. Central or South America, or Scandinavia. Training in mechan 
ical engir the Technical Institute of Gothenburg, Sweden, com 
pleted 1945. Military service 1945-46 (one year) as motor pool mechanic 


Coast Artillery, Sweden Own business in ot! burners and well drilling 
With experimental department of oil burner manufacturer in 
U.S.A 6 mo Sales engineer, mechanical and electrical machinery, in 
Panama, 2 yr Presently manager of auto service and repair station 
Lanyuaces) Swedish, English, Spanish. Germar Married Age 27 No 
disability. Available on 14 days notice. Salary 500 per month W-792-143 


SALES. service. or technical representative in power and machinery 
and water, irrigation, or product processing, with manufacturer or 
processor, any locatic BS deg in agricultural engineering, 1949. Uni 
versity of Minnesota Farm background. Timekeeper in manufacturing 
plant. Tmo Hyd ilic engineer October 1949 to present. War service in 
Navy ivr enlisted. one year commissioned Married Age 31 No dis 
ability Available ©n 30 days notice Salary $4200 min W-S23-144 


RESEARCH. writing. field testing. or promotion in power and ma 


chinery or rural electric field, with industry in sou rn state or Europe 
BS deg in ager al mechanics, 1950, West Virginia University. Farm 
background Farm representative with electric utility one year. Summer 
work on university experimental farm Since graduation agricultural en 
xineer on field testing and research with producer of steel forg nes. War 
nor mmissioned service 1 vr in Army Signal Corps. Married Nge 26 
No disability Available on 30 day notice. Salary $5000 W-S10-145 


PROFESSIONAL DIRECTORY 


FRANK ZINK ASSOCIATES 
Agricultural Engineers 
Frank J. Zink Earl D. Anderson 
Wendell C. Dean 


Development Design Research Markets Public Relations 
Board oF Trape Bioc., Criicaco 4, Tel. HArrison 7-0722 


RATES: Announcements under the head 
AGRICULTURAL ENGINEERING will be 


g ‘‘Professional Directory’’ in 
rted at the flat rate of $1.00 


per line per iss 50 cents per line to ASAE members Minimum 
charg four-line basis. Ur rm style setup. Copy must be received 
by first of month of publication 
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Two new Allis-Chalmers tractor-mounted disc harrows reach 
new heights trouble-free maintenance and power-saving 
rolling ease, through the use Sealed-for-Life New 
Departure Ball Bearings each the dise gangs. 

Designed last for the life the implement, the N-D- 
Seal Bearings never require lubricating pro- 
vide lighter draft which pays off time and fuel savings. 


New Departure Ball Bearings play big role farming 
today simplifying implement design reducing 
friction and increasing service life wherever shafts turn. 
Keep your eye the BALL sure your BEARINGS! 
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EVERY NEW FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 


this Deere No. Self-Propelled Combine drive, the No. 55, Timken bearings the bull pinion are 
imput shaft and differential bearings are directly mounted directly mounted and adjusted shims. The axle shaft 
and adjusted with thin metal shims. Pinion shaft bearings uses two single row Timken bearings directly mounted 
are mounted indirectly and adjusted cone spacers. and 


How TIMKEN bearings lick combined 
loads John Deere combine 


the use spiral bevel and are assured longer implement life, 

helical gears, the transmission less chance breakdown the field 
and auxiliary drive mechanisms and higher speeds with less frequent 
the John Deere Self-Propelled Com- 


bine present tough bearing loading 
problems. These loads range from 
heavy radial and moderate thrust 
loads heavy thrust loads and mod- 


Timken bearings hold shafts and 
housings concentric that closures 
are more effective. And with Timken 
bearings, moving parts rotate freely 


erate radial loads. These exacting because smooth surface finish and 
conditions were met the use true rolling motion the bearing 
tapered roller bearings. make friction negligible. 

Diagrams above show the bearing 


For Timken 
bearings, write now for your free 
using Timken bearings, imple- copy “Tapered Roller Bearing 


applications. 


ment engineers solve three their Practice Current Farm Machinery 

biggest design problems once: Applications”. The Timken Roller 

(1) dirt, (2) combination loads, and Bearing ompany, Canton Ohio. 
(3) rough terrain. Implement users Cable address: 
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